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BEFORE THE PUBLIC UTILITIES COMMISSION

OF THE STATE OF HAWAII

In the Matter of
PUBLIC UTILITIES COMMISSION DOCKET NO. 2008-0273

Instituting a Proceeding to Investigate
the Implementation of Feed-in Tariffs
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COMMENTS OF ZERO EMISSIONS LEASING LLC
ON RELIABILITY STANDARDS

ZERO EMISSIONS LEASING LLC (“Zero Emissions™) respectfully submits the
following comments on the reliability standards contained in the Proposed Reliability
Standards of Clean Energy Maui LLC (“Clean Energy Maui” or “CEM”) and Zero
Emissions Leasing LLC (“Zero Emissions” or “ZEL™) filed on February 4, 2010 (the
“CEM/ZEL Reliability Standards™), the reliability standards contained in Blue Planet
Foundation’s Reliability Standards filed on February 8, 2010 (the “BPF Reliability
Standards™), and the HECO Companies’ Reliability Standards Report filed by Hawaiian
Electric Company, Inc. (*HECO™), Hawaii Electric Light Company, Inc. (“HELCO™) and
Maui Electric Company, Limited (“MECO") (HECO, HELCO and MECO collectively,
the “HECO Companies™) on February 8, 2010 (the “HECO RS Report™), as elaborated by
the HECO Companies’ proposal, filed February 26, 2010, to convene a Reliability
Standards Working Group (the “HECO RSWG Proposal™), in the above-referenced

proceeding:



I. OVERVIEW

In its Decision and Order filed September 25, 2009 (the “D&0”), the Commission
stated that feed-in tariffs (“FITs™) “were a possible mechanism ‘to dramatically
accelerate the addition of renewable energy from new sources’ and to ‘encourage
increased development of alternative energy projects’.” D&O at 13. The Commission
said that it “will direct the HECO Companies to adopt FITs in their respective service
territories ... consistent with the principles described below.” D&O at 17. Those
principles included a requirement that the HECO Companies “adopt standards that
establish when additional renewable energy can or cannot be added on an island or region
therein without markedly increasing curtailment, either for existing or new renewable
projects. FIT generation should meet new load requirements and displace fossil fuel
generation ... ” [emphasis added] D&O at 50-51.

The National Renewable Energy Laboratory' has defined a “Feed-in Tariff (FIT)”

as.

A renewable energy policy that typically offers a guarantee of:

1. Payments to project owners for total kWh of renewable electricity
produced

2. Access to the grid; and
3. Stable, long-term contracts (15-20 years) [emphasis in original]
Feed-in tariffs (“FITs™) accelerate the addition of renewable energy from new
sources and encourage increased development of alternative energy projects by obliging

the utility to interconnect such projects (i.e., a guarantee of access to the grid, provided

! Karlynn Cory, “Renewable Energy Feed-in Tariffs: Lessons Learned from the U.S. and Abroad (National
Renewable Energy Laboratory, November 18, 2009), accessed at

http://www.cleanenergystates.org/Meetings/RPS_Summit_09/Cory RPS_Summit2009.pdf.


http://www.cleanenerevstates.org/Meetings/RPS

the utility’s reliability requirements are met), and by obliging the utility to purchase such
renewable energy at a fixed long-term rate (i.e., a guarantee of payments to project
owners for total kWh of renewable electricity produced). FITs encourage accelerated
development of renewable energy projects because these utility obligations give project
developers the revenue certainty that they need to obtain financing for their projects.

FITs create revenue certainty by creating price certainty and quantity certainty.
FITs create price certainty by specifying a fixed long-term rate at which the utility is
obliged to purchase renewable energy. FITs create quantity certainty by obliging the
utility to interconnect the renewable energy project (provided reliability requirements
such as Rule 14H are met) for delivery of renewable energy to the utility, and by obliging
the utility to purchase quantities of renewable energy generated by the project.

In creating a utility obligation under a FIT to interconnect as-available
(intermittent) renewable energy generation (such as in-line hydropower, concentrating
solar power, photovoltaic solar power and onshore windpower) to the utility’s electric
system, the Commission needs to know how much as-available renewable energy could
be added to the grid of each island without compromising the reliability of the utility’s
electric system. The amount of as-available renewable energy that could be added to the
grid of each island without compromising electric system reliability will depend on the
regulating capacity of the utility’s must-run and dispatchable non-renewable (i.e., fossil
fuel) generation, taking into account any displacement of the utility’s dispatchable non-
renewable generation by the added as-availéble renewable energy generation.

In creating a utility obligation to purchase as-available renewable energy, the

Commission needs to know: Of the amount of as-available renewable energy that could



be added to the grid of each .island without compromising electric system reliability, how
much of that amount shonld be added to the grid based on economic considerations?
The amount of as-available renewable energy that should be added to the grid will
depend on the economic costs and benefits of the added as-available renewable energy
relative 10 any dispatchable non-renewable energy displaced by the added as-available
renewable energy.

To determine a proper cap on the amount of as-available renewable energy that
the utility should be obliged to purchase under a FIT, the Commission needs answers to
the following two questions:

Question 1: How much as-available rencwable energy could be added to the grid

of each island without compromising electric system reliability based on the

regulating capacity of the utility’s must-run and dispatchable non-renewable
generation, taking into account any displacement of the utility’s dispatchable non-
renewable generation by the added as-available renewable energy generation?

Question 2: How much of the as-available renewable energy that could be

added to the grid of each island without compromising electric system reliability

should the utility be obliged to purchase based on the relative costs and benefits
of the added as-available renewable energy and any dispatchable non-renewable
energy displaced by the added as-available renewable energy?

Because the answer to Question 2 depends on the answer to Question 1, the
Commission needs an answer to Question | to determine a proper cap on the amount of
as-available renewable energy that the utility should be obliged to purchase under a FIT.

Without an answer to Question 1, any cap on the amount of such as-available renewable



energy, such as the Commission’s initial cap equal to 5% of 2008 peak demand (D&O at
55), will be based on a guess by the Commission as to the amount of as-available
renewable energy that could be added to the grid of each island without compromising
electric system reliability. Without an answer to Question 1, the effective cap on the
amount of such as-available renewable energy will be zero because the Commission
cannot be sure that any addition of as-available renewable energy will not compromise
the reliability of the utility’s electric system.

The Commission recognized early on that an answer to Question 1 was necessary
for the Commission to make an informed determination of how much as-available
renewable energy the utility should be obliged to purchase under a FIT. In PUC-IR-1,
the Commission asked the Hawaiian Electric Companies:

For each island, with the current levels of demand, transmission, and supply

resources, what is the maximum amount of total and additional intermittent

resources that can be accommodated without compromising reliability?

The Commission characterized the Hawaiian Electric Companies’ response to
PUC-IR-1 as follows (D& at 49):

Citing the multiplicity of factors incorporated into reliability determinations, the

HECO Companies declined at the panel hearing and in their submissions to define

how much renewable energy each island could incorporate.

As a result of the Hawaiian Electric Companies’ refusal to answer Question 1 (as
put to the Hawaiian Electric Companies in the form of PUC-IR-1), the Commission set
an initial cap, on the amount of as-available renewable energy that the utility would be
obliged to purchase under a FIT (D&Q at 55), based on a guess that as-available

renewable energy in an amount equal to 5% of 2008 peak system demand could be added

to the grid of each isiand without compromising electric system reliability.



In directing the Hawaiian Electric Companies
to develop reliability standards for each company, which should define most
circumstances in which FIT projects can or cannot be incorporated on each island.
... The standards should complement existing standards, including those in the
HECO Companies’ tariff Rule 14, and should provide greater predictability with
respect to reliability issues for developers. ... (D&O at 50)

and in directing the Hawaiian Electric Companies
to adopt standards that establish when additional renewable energy can or cannot
be added on an island or region therein without markedly increasing curtailment,
either for existing or new renewable projects. FIT generation should meet new

load requirements and displace fossil fuel generation ... ” [emphasis added)
(D&O at 50-51):

the Commission did three things:

First, the Commission explicitly recognized that Rule 14H provided a reliability
standard for determining whether the addition of a given amount of as-available
renewable energy to the grid of an island or region would compromise the reliability of
the utility’s electric system.

Second, the Commission implicitly acknowledged that the initial 5% system cap
was based on a guess.

Third, the Commission deferred, until the “Reliability Standard” phase of the
proceeding, the obtaining of an answer to Question 1 — to determine how much as-
available renewable energy could be added to the grid of each island without
compromising reliability -- and an answer to Question 2 -- to determine how much of the
as-available renewable energy that could be added to the grid of each island without
compromising reliability should be added and purchased by the utility based on the
relative costs of the as-available renewable energy and any dispatchable non-renewable

energy displaced by the as-available renewable energy.



II. THE CEM/ZEL RELIABILITY STANDARD COMPLIES WITH THE
SEPTEMBER 25, 2009 DECISION & ORDER.

In response to the Commission’s directions at pp. 50-51 of the D&O, Clean
Energy Maui and Zero Emissions proposed the CEM/ZEL Reliability Standards, at
Appendix 111 to the CEM/ZEL Schedule FIT, having two parts: “Technical
Requirements for Interconnection” and “Reliability Standard for Curtailment.”

The CEM/ZEL “Technical Requirements for Interconnection” re-iterate the
Hawaiian Electric Companies® own technical requirements for interconnection of
distributed generating facilities in Rule 14H. The CEM/ZEL “Technical Requirements
for Interconnection” have the same purpose as the technical requirements under Rule
14H: “To maintain the reliability of the utility system for all utility customers.” The
CEM/ZEL “Technical Requirements for Interconnection,” like the Hawaiian Electric
Companies’ own reliability standards in Rule 14H, provide an adequate technical basis
for determining whether the addition of a given amount of as-available renewable energy
to the grid of each island would compromise the reliability of the utility electric system,
and, therefore, determining an answer to Question 1.

The purpose of the CEM/ZEL “Reliability Standard for Curtailment” is to specify
a cap on the amount of as-available renewable energy that the utility should be obliged to
purchase under a FIT, i.e., an answer to Question 2, based on the utility’s answer to
Question 1, i.e., how much as-available renewable energy could be added to the grid of
each island without compromising electric system reliability based on the regulating

capacity of the utility’s must-run and dispatchable non-renewable generation, taking into



account any displacement of the utility’s dispatchable non-renewable generation by the
added as-available renewable energy generation.

To “fill-in-the-blanks” of the CEM/ZEL “Reliability Standard for Curtailment”,
and find out how much as-available renewable energy could be added to the grid of each
island without compromising electric system reliability based on the regulating capacity
of the utility’s must-run and dispatchable non-renewable generation, taking into account
any displacement of the utility’s dispatchable non-renewable generation by the added as-
available renewable energy generation, Zero Emissions submitted ZE-IR-107 to the
Hawaiian Electric Companies.

As with PUC-IR-1, the Hawaiian Electric Companies deciined, in their responses
10 ZE-IR-107, to define how much renewable energy each island could incorporate. The
HECO and the HELCO responses to ZE-IR-107(c) contain no kilowatt-hour figures at
all. The MECO response to ZE-IR-107(c) contains no kilowatt-hour figures for potential
curtailment of non-renewable energy generating facilities, and contains no kilowatt-hour
figures for actual curtailment of renewable or non-renewable energy generating facilities.
The Hawaiian Electric Companies’ responses to ZE-IR-107(d) contain no kilowatt-hour
figures at all.

As a result of the Hawaiian Electric Companies’ refusal to answer Question 1 (as
posed to the Hawaitan Electric Companies in the form of ZE-IR-107), Zero Emissions
moved to compel the Hawatian Electric Companies to provide responses to ZE-IR-107(c)
and ZE-1R-107(d) in Motion of Zerc Emissions Leasing LLC to Compel Hawaiian

Electric Companies to Provide Responses to Information Request, filed March 8, 2010



(the “Motion to Compel”). In its Memorandum in support of the Motion to Compel, Zero

Emissions argued:

The Hawaiian Electric Companies’ excuses for not providing the
requested kilowatt-hour figures do not wash. The Hawaiian Electric Companies
know or can reasonably estimate the kilowatt-hours of reduced generation from
their dispatchable non-renewable generation when they cycle that generation up
and down during a typical 24-hour load cycle. The Hawaiian Electric Companies
know or can reasonably estimate how many kilowatt-hours they currently are
receiving from as-available renewable generation during a typical 24-hour load
cycle, how many hours that as-available renewable generation is being curtailed
during a typical 24-hour load cycle, and how many kilowatt-hours of electricity
from as-available renewable generation are currently being curtailed during a
typical 24-hour load cycle. The Hawaiian Electric Companies know or can
reasonably estimate capacity factors of as-available renewable energy generation
for displacing dispatchable non-renewable generation with as-available renewable
generation. The Hawaiian Electric Companies know the regulating capacity of
their must-run and dispatchable non-renewable generation. The Hawaiian
Electric Companies can reasonably estimate how much as-available renewable
energy could be added to the grid of each island without compromising electric
system reliability based on the regulating capacity of the utility’s must-run and
dispatchable non-renewable generation, taking into account any displacement of
the utility’s dispatchable non-renewable generation by the added as-available
renewable energy generation.

Zero Emissions believes that the Hawaiian Electric Companies do not
want to answer ZE-IR-107(c) and (d) because they do not want to admit that there
is a positive, substantial and reasonably ascertainable amount of as-available
renewable energy that could be added to the grid of each island without
compromising ¢lectric system reliability based on the regulating capacity of the
utility’s must-run and dispatchable non-renewable generation, taking into account
any displacement of the utility’s dispatchable non-renewable generation by the
added as-available renewable energy generation.

In the HECO Companies® Memorandum in Opposition to Motion of Zero
Emissions Leasing LLC to Compel Hawaiian Electric Companies to Provide Responses
10 Information Requests, filed March 15, 2010 (the “HECO Opposition Memo™), the
HECO Companies do not deny that model inputs -- such as the number of kilowatt-hours
of reduced generation from their dispatchable non-renewable generation when they cycle

that generation up and down during a typical 24-hour load cycle, the number kilowatt-



hours they currently are receiving from as-available renewable generation during a
typical 24-hour load cycle, the number of hours that as-available renewable generation is
being curtailed during a typical 24-hour load cycle, the number of kilowatt-hours of
electricity from as-available renewable generation that are currently being curtailed
during a typical 24-hour load cycle, the capacity factors of as-available renewable energy
generation for displacing dispatchable non-renewable generation with as-available
renewable generation and the regulating capacity of their must-run and dispatchable non-
renewable generation -- cannot be reasonably estimated. In the HECO Opposition
Memo, the HECO Companies do not deny that that there is a positive, substantial and
reasonably ascertainable amount of as-available renewable energy that cowld be added to
the grid of each island without compromising electric system reliability based on the
regulating capacity of the utility’s must-run and dispatchable non-renewable generation,
taking into account any displacement of the utility’s dispatchable non-renewable
generation by the added as-available renewable energy generation.

Question 1 (in the form of ZE-IR-107) is answerable by the HECO Companies.
The HECO Companies can answer Question 1 (in the form of ZE-IR-107) using the
General Electric PSLF™ “Transient Performance” electric system models that have been
developed for the HECO Companies, using ratepayer and taxpayer funds, for the grids on

each of the islands of Hawaii, Maui and Oahu,? and the “Simulink” electric system model

* See Terry Surles, “Status of Big Island, Maui and Oahu Projects,” (Hawaii Natural Energy Institute
October 19, 2009), accessed on March 20, 2010 at www.hnei.bawaii.edu/docs/publications/HCEI10192.ppt
{the “HNEI Status Report™) (antached as Attachment A hereto); GE Global Research and University of
Hawaii “Maui Electrical System Simulation Model Validation,” (U.S. Department of Energy November
2008) (the “Maui Model Report”) (attached as Attachment B hereto); GE Global Research and University
of Hawaii, *"Summary Report on Stakeholder Workshop” (U.S. Department of Energy November 2007)
(the “Hawaii Model Summary Report™) (relevant portion attached as Attachment C hereto).



http://www.hnei.hawaii.edu/docs/publications/HCEI

developed for the grid on the island of Lanai (the “Electric System Models™).> The GE
PSLF™ Transient Performance model simulates transient stability and long-term
dynamic stability of the electric system, i.e., reliability, from the addition of as-available
renewable energy such as wind.? The Simulink model, using an “eMEGASim” real-time
simulator, simulates overall stability and transient responses, i.e., reliability, of the Lanai
grid from the addition of intermittent photovoltaic distributed generation.® The Electric
System Models have been validated for the grids of the islands of Hawaii, Maui, Oahu

and Lanai.®

The very purpose of the Electric System Models is to answer Question 1. Terry
Surles of Hawaii Natural Energy Institute states that these models are, “Sufficiently
accurate to provide reasonable comparisons of impacts on system metrics due to
technology, policy or operational choices,” and that their “Results can be used by

informed analysts, not requiring detailed power system engineering.™’

Question 1 1s
answerable by the HECO Companies using the Electric System Models.
In the HECO Opposition Memo, the HECO Companies assert:

... Hawaiian Electric is not able to provide the amounts by which energy can be
curtailed during a 24 hour period ...

} See “Sandia National Laboratories uses Real-Time Simulation to Shed Light on the use of Photovoltaic
Distributed Generation in Hawaii,” (Opal RT Technologies “Planet-RT" December 2009), accessed on
March 20, 2010 at hitp://www opal-rt.com/success-story/sandia-national-laboratories-uses-real-time-
simulation-shed-light-use-photovoltaic (the “Lanai Model Report™) (attached as Artachment D hereto).

* HNEI Status Report at 8, 10.

* Lanai Modei Report.

® See HNEI Status Report at 25 (Oahu “Models have been developed, validated and reviewed by [Technical
Review Committee] made up of national and international experts”); Maui Model Report at | (“The
modeling, validation and management team is comfortable with the level of accuracy for ... the GE
PSLF™ _.. [model] of the MECO system for the application of these 10ols to system scenario analysis™);
Hawaii Model Report at Appendix B (“Models have been calibrated and validated against historical data to
the high degree of accuracy required to meet project objectives™); Lanai Model Report (... using physical
hardware ... Sandia conducted extensive testing ... to determine whether the positive results received with
the Simulink/SimPowerSystems models remained accurate. ... Preliminary results for generator transient
responses and PV output have been positive.”}

" HNEI Status Report at 9.
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... there s no single number that could be provided in response 10 this
information that would be accurate ...

... any attemplt at a precise response would also be speculative ...

... basing any decision to add one type of resource based on an assumed level of

curtailment of another type of resource would be speculative and inconsistent

with preserving the reliability of the utility electric system. Similarly, the use of
historical system information without consideration of reasonably anticipated
system additions or operational conditions, is also inconsistent with a meaningful
assessment of system reliability ...

The HECO Companies’ assertions that answers to Question 1 (in the form of ZE-
IR-107) would be “speculative™ and “inconsistent with a meaningful assessment of
system reliability” is to deny the very existence and validity of the Electric System
Models that the HECO Companies themselves have developed and validated for the grids
on each of the islands of Hawaii, Maui, Oahu, and Lanai. The HECO Companies’
assertion that Question 1 is unanswerable because any answer would be “speculative”
and “inconsistent with a meaningful assessment of system reliability” is false because the
HECO Companies possess validated Electric System Models, and either know or can
reasonably estimate the model inputs, needed to produce meaningful and non-speculative

answers to Question ] that are “Sufficiently accurate to provide reasonable comparisons

of impacts on system metrics due to technology, policy or operational choices.”

I, ZERQ EMISSIONS SUPPORTS OPENING OF A NEW DOCKET TO
INVESTIGATE ESTABLISHMENT OF THE BPF RELIABILITY
STANDARDS.

In its filing submitted on February 8, 2010, Blue Planet Foundation proposed
formal buik electric system reliability standards governing the Hawaiian Electric
Companies’ electric systems (“Hawaii NERC RS”) that would be (i) equivalent to the

formal bulk electric system reliability standards (“NERC RS”) administered by the North



American Electric Reliability Corporation (“NERC”), (ii) developed in the future
pursuant to a future stakeholder-driven process, overseen by an independent entity, and
(iii) upon completion, administered by an independent entity, such as a Hawaii
Independent System Operator (*HISO™). The NERC RS can be found on-line at

http://www.nerc.com/files/Reliability Standards Complete Set 2010Jan25.pdf where

they run 1074 pages.

Zero Emissions joins in and supports adoption of a Hawaii NERC RS based on
NERC RS. Zero Emissions believes, however, that adoption of a set of reliability
standards running to 1074 pages and governing interconnection of all generating facilities
to the electric systems of the HECQO Companies is a task that is likely to take at least 2
years and justifies the opening of a separate investigatory docket by the Commission.

Zero Emissions believes that it is not necessary to wait 2 years or more for the
implementation of reliability standards based on NERC RS before getting an answer 10
Question 1 and so proceeding with implementation of a genuine feed-in tariff, such as the
CEM/ZEL proposed Schedule FIT, that obliges the HECO Companies to purchase as-
available renewable energy up to an amount that does not compromise electric system
reliability (based on the answer to Question 1) and that makes economic sense (based on
the answer to Question 2). The HECO Companies’ own reliability standards in Rule 14H
provide an adequate technical basis for determining whether the addition of a given
amount of as-available renewable energy to the grid of each island would compromise
the reliability of the utility electric system, for purposes of answering Question 1. The
HECO Companies possess the electric system models, and know or can reasonably

estimate the quantitative inputs for such models, to reasonably estimate how much as-


http://www.nerc.com/files/Reliability_Standards

available renewable energy could be added to the grid of each island without
compromising electric system reliability based on the regulating capacity of the utility’s
must-run and dispatchable non-renewable generation, taking into account any
displacement of the utility’s dispatchable non-renewable generation by the added as-
available renewable energy generation.

IV. THE HECO RS REPORT AND THE HECO RSWG PROPOSAL ARE

BUILT ON THE FALSEHOOD THAT QUESTION 1 IS
UNANSWERABLE

Instead of proposing a true set of “reliability standards,” like Rule 14H (as re-
iterated in the CEM/ZEL Reliability Standards) or NERC RS (as proposed in the BPF
Reliability Standards), that would provide an objective basis for determining whether
addition of a given amount of as-available renewable energy would compromise
reliability of the utility electric system and, therefore, that would provide an objective
basis for answering Question 1, the HECO Companies (1) filed a “Report™ that proposed
a 0 MW cap on the amount of as-available renewable energy that the utility might
purchase on the islands of Hawaii, Maui, Molokai and Lanai, and a 60 MW cap on the
amount of as-available renewable energy that the utility might purchase on the island of
Oahu, and (2) proposed convening of a “Reliability Standards Working Group,”
redundant to the utilities’ Integrated Resource Planning processes, in which the FIT
docket intervenors would have no procedural rights to obtain answers to Question | from
the HECO Companies, and in which the HECO Companies would never have to answer
Question 1.

Bastcally, the HECO Companies are falsely implying, in the HECO RS Report

and the HECO RSWG Proposal, that Question 1 is unanswerable and that, therefore, the



Commission should assume that the answer to Question 1 is 0 MW for the islands of
Hawaii, Maui, Molokai and Lanai (and 60 MW for Oahu), until completion of a
“Reliability Standard Working Group” process in which the HECO Companies would not
be committed or obliged to answer Question 1.

The purpose of the HECO Companies’ proposals in the HECO RS Report and the
HECO RSWG Proposal is to evade answering Question 1 and so avoid establishment of a
FIT that results in any displacement of any dispatchable non-renewable generation by as-

available renewable generation.

A, THE HECO RS REPORT AND THE HECO RSWG PROPOSAL
FALSELY IMPLY THAT QUESTION 1 IS UNANSWERABLE BY
CONCEALING THE EXISTENCE OF THE VALIDATED
ELECTRIC SYSTEM MODELS AND BY CONCEALING ANY
QUANTITATIVE RESULTS THAT COULD BE OBTAINED
FROM THE VALIDATED ELECTRIC SYSTEM MODELS,

The HECO RS Report and the HECO RSWG Proposal falsely imply that
Question 1 is unanswerable by concealing the existence of the validated Electric System
Modeis,? and by concealing any quantitative results that could be obtained from the

validated Electric System Models.® The HECO RS Report and the HECO RSWG

® The “HECO Distribution System Analysis” at pp. 13 and 19 of Attachment 1 to the HECO RS Report
mentions the GE PSFL. software, but does not mention the existence of the validated GE PSFL electric
system model for the island of Oahu and does not present any quantitative results obtained from the
validated GE PSFL electric system model for the island of Oahu.

? The “Evaluation of Distributed Generation™ at Attachment 2 to the HECO RS Report, the “Evaluation of
System Balancing and Frequency Control” at Attachment 3 to the HECO RS Report, and the “Evaluation
of HELCO and MECO Excess Energy and Curtailment™ at Attachment 4 to the HECO RS Report do not
mention the existence of the validated GE PSFL electric system model for the island of Hawaii and do not
present any quantitative results obtained from the validated GE PSFL electric system model for the island
of Hawaii. The “Evaluation of System Balancing and Frequency Control” at Attachment 3 to the HECO
RS Report and the “Evaluation of HELCO and MECO Excess Energy and Curtailment™ at Attachment 4 to
the HECO RS Report do not mention the existence of the validated GE PSFL electric system model for the
island of Maui and do not present any quantitative results obtained from the validated GE PSFL electric
system model for the island of Maui. The “Lanai Analysis” at Attachment 5 to the HECO RS Report does
not mention the existence of the validated Simulink electric system model for the island of Lanai and does
not present any quantitative results obtained from the validated Simulink electric system model for the
island of Lanai.
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Proposal make no mention of the existence of the validated Electric System Models. The
HECO RS Report and the HECO RSWG Proposal contain no quantitative evidence -- of
the effects on electric system reliability from the addition of a given amount of as-
available renewable energy -- that could be obtained from the validated Electric System
Models.

The HECO Companies omitted any mention of the existence of the validated
Electric System Models, and omitted any quantitative results that could have been
obtained from the Electric System Models, because the HECO Companies do not want
the Commission to know that the validated Electric System Models exist, that the HECO
Companies could use the validated Electric System Models to answer Question 1, and
that Question 1 is answerable. The HECO Companies are concealing, from the
Commission, the existence of the validated Electric System Models, and are concealing,
from the Commission, any quantitative results that could have been obtained from the
Electric System Models, because the HECO Companies do not want the Commission to
know that there is a there is a positive, substantial and reasonably ascertainable amount of
as-available renewable energy that could be added to the grids on Hawaii, Maui,
Molokai, Lanai and Oahu, and a reasonably ascertainable amount of dispatchable non-
renewable energy that could be displaced by such added as-available renewable energy,
without compromising reliability.

By misleadingly omitting any mention of the validated Electric System Models
and misteadingly omitting any quantitative results that could be obtained from the
validated Electric System Models, the HECO Companies would have the Commission

believe that Question 1 is unanswerable. Question 1 is unanswered, not because it is
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unanswerable, but because the HECO Companies have the validated Electric System

Models and refuse to use them to answer Question 1.

B. INSTEAD OF TRUTHFULLY ANSWERING QUESTION 1 USING
THE VALIDATED ELECTRIC SYSTEM MODELS, THE HECO
COMPANIES FALSELY IMPLY THAT QUESTION 1 IS NOT
ANSWERABLE FOR OAHU AND FALSELY ASSERT THAT THE
ANSWER TO QUESTION 1 IS 0 MW FOR HAWAII, MAUI,
MOLOKAI AND LANAL
1. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM

MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR
OAHU, THE HECO COMPANIES FALSELY IMPLY THAT
QUESTION 1 IS NOT ANSWERABLE.

Instead of using the Electric System Model that has “been developed, validated
and reviewed by [Technical Review Committee] made up of national and international
experts” to truthfully answer Question 1 now for Oahu,'® the HECO Companies falsely
imply that Question 1 is unanswerable now for Oahu by falsely stating that an answer to
Question | will require “additional more refined studies ... over the course of the next
year, in time to support the next FIT Reliability Standards update.”'! It can be inferred
from the HECO Companies’ concealment of the validated Electric System model for
Oahu, and the HECO Companies’ concealment of any quantitative results from the
validated Electric System Model for Oahu, that the answer to Question 1, ascertainable
now using the validated Electric System Model for Oahu, is substantially more than the
60 MW figure, which the HECO Companies are willing to admit is a lower limit on the
answer to Question 1.

The HECO Companies’ proposed 60 MW cap on the amount of as-available

renewable energy that should be added to the Oahu grid is merely the product of the

'" HNE! Status Report at 25.



Oahu peak demand and the 5% initial system cap, which the Commission implicitly
acknowledged was based on a guess. The proposed 60 MW cap is just a guess because it
was not obtained from the validated Electric System Model for Oahu. The “HECO
System Distribution Analysis,” at Attachment 1 to the HECO RS Report, contains no
information about the assumptions or inputs for the model used in that analysis, and
contains no evidence that the model used in that analysis was validated for the Oahu grid,
or that it was capable of yielding an accurate answer to Question |.

In 2007, HECO issued a Solicitation of Interest for Non-Firm Renewable Energy
Projects: Island of Oahu (the “2007 HECO RFP") that requested proposals for 100 MW
of as-available renewable generation on Oahu. HECO must have believed, based on its
own internal electric system modeling, that the answer to Question 1 was at least 100
MW for Oahu when it released the 2007 HECO RFP. HECO’s issuance of the 2007
HECO RFP shows that Question 1 was answerable in 2007 using whatever internal
electric system model HECO had in 2007. If Question 1 was answerable in 2007 for
Oahu, it must be answerable now for Qahu, not “next year, in time to support the next
FIT Reliability Standards update.”

2. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM
MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR THE
ISLANDS OF HAWAII AND MAUI, THE HECO COMPANIES
FALSELY ASSERT THAT THE ANSWER TO QUESTION 1 1S
0 MW FOR THE ISLANDS OF HAWAII AND MAUL

Instead of using the validated Electric System Model to truthfully answer

Question 1 for the islands of Hawaii and Maui, the HECO Companies falsely assert that

'' Ron Davis, “HECO System Distribution Analysis,” Attachment 1 to HECO RS Report at p.2,



the answer to Question 1 is 0 MW for the islands of Hawaii and Maui'? by falsely and
misleadingly asserting that the utility would choese to reduce the regulating capacity of
the utility’s entire dispatchable non-renewable generation to zero with the addition of any
as-available renewable energy to the grid for the islands of Hawaii and Maui. In
Atachment 4 to the HECO RS Report, the HECO Companies falsely and misleadingly
assert that the utility would choose to reduce the utility’s entire dispatchable non-
renewable generation to its “‘minimum” level, and thus minimize the regulating capacity
available from such dispatchable non-renewable generation, with the addition of any as-

available renewable energy to the grid for the island of Hawaii."> Basically, the HECO

"2 The HECO Companies assert, at p. 4 of the HECO RS Report:
... Due primarily to the high level of existing and planned renewable resource penetration on the
MECO and HELCO systems, the studies indicate that there is minimal to no room at this time to
accommodate additional renewable resources (FIT or otherwise) without significant curtailment of
eilther existing or planned renewable resources. or a threat 1o system reliability. ...
3 The HECO Companies assert in Attachment 4 to the HECO RS Report ("HECO RS Att. 47):

There is a potential reliability risk operating near minimum output on dispatchable units.
The minimum dispatchable output for each dispatchable unit is determined by the lowest level of
stable operation on the generating unit. Operating below this level can result in the unit tripping
offline or cause deviations from environmental permit requirements. When all units are near the
minimum output, the system is vulnerable to failure for loss-of-load events. The ability of the
units to back down for high frequency excursions is {imited and the units may be driven offline.
The present regulating reserve down requirement has been set at the minimum regulating reserve
down for the single contingency loss of load during minimum load (off-peak) conditions. Loss of
more than this amount (6 MW on the MECO system, 9 MW on the HELCO system) can drive the
responsive units {through their droop response) to below their stable operating point and risk loss
of the units, or prelonged high-frequency excursions which may cause trips of other generation
and cascading outages. The potential loss of load is larger during daytime conditions ... (HECO
RS Atr. 4 at 6) [emphasis added]

...during high variable output, in the absence of significant load growth the HELCO system
cannot accommodate all future and existing RE even if all dispatchable conventional generation
operates nearly twenty four hours at near minimum output. As mentioned above, operating in
that manner .., may not be prudent due to potential reliability implications. {(HECO RS An. 4 a1
8) [emphasis added]

... Similar to HELCO, absent significant load growth, MECO cannot accommodate ali the

existing or future renewable generation even with conventional generation backed down to
minimum (plus down reserve) 24 hours a day. (HECO RS Are. 4 at 9). {[emphasis added]
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Companies are sayiné that the amount of as-available renewable eniergy that could be
added to the grids on Hawaii and Maui without compromising relia!bility is 0 MW
because the utility would intentionally choose to compromise reliai)ility by reducing its
entire dispatchable non-renewable generation to zero, and thereby r?educing to zero the
amount of regulating 6apacity available from such dispatchable non-renewable
generation to maintain reliability with the addition of any as-available renewable energy.
The HECO Companies assert that electric system reliability will be compromised
on the island of Hawaii by the addition of as-available renewable energy “even if all
dispatchable conventional generation operates nearly twenty four hours a day at near

35'

minimum output,” "~ and will be compromised on the island of Mauli by the addition of as-
available renewable energy “even with conventional generation backed down to
minimum (plus down reserve) 24 hours a day.”"® [emphasis added] The HECO
Companies use the expressions “even if” and “even with™ to falsely and misleadingly
imply that the utility’s choice to reduce its entire dispatchable non-renewable generation
to its “minimum’ would help maintain system reliability. The truth is that the utility’s
choice to reduce its dispatchable non-renewable generation to its minimum would
compromise reliability by reducing to zero the regulating capacity from such generation.

The HECO RS Report frames the addition of as-available renewable energy to the

grids on Hawaii and Maui as a false “either/or” proposition: either the added as-available

The HELCO system will operate under extended periods with a minimal amount of
dispatchable generation online. This will have an effect on ... the response capabilities for
frequency control. MECO has similar concerns and must make additional decisions regarding
minimum conventional generation, to cover for variability, as unlike HELCO the renewable
energy additions are all variable. (HECO RS Aut. 4 at 16) [emphasis added]

""HECO RS Reportat 17.
' HECO RS Report at 23,
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renewable generation and existing renewable generation is curtailed to maintain system
reliability, or the utility compromises system reliability by taking delivery of the added
as-available renewable energy and reducing its entire dispatchable non-renewable
generation to zero. The HECO Companies’ false proposition excludes the possibility --
which would be revealed by a truthful answer 10 Question 1 using the validated Electric
System Models for the islands of Hawaii and Maui — that there exists some amount of as-
available renewable energy that could be added to the grid of each island, and some
amount of dispatchable non-renewable energy that could be displaced by such added as-
available renewable energy, without compromising electric system reliability and without
the need to convene a Reliability Standards Working Group to determine those amounts.

The “Load Duration” curves shown in the HECO RS Report falsely state the
number of hours of curtailment needed to maintain system reliability because they are
calculated based on the false assumption that the utility has chosen to intentionally
compromise system reliability by reducing the utility’s dispatchable non-renewable
generation, and the regulating capacity available from the utility’s dispatchable non-
renewable generation for maintaining system reliability, to zero.

It can be inferred from the HECO Companies’ concealment of the validated
Electric System models for Hawaii and Maui, and the HECO Companies’ concealment of
any quantitative results from the validated Electric System Models for Hawaii and Maut,
that the answer to Question 1, ascertainable now using the validated Electric System
Models for Hawaii and Maui, is substantially more than the HECO Companies’ proposed
0 MW cap on the amount of as-available renewable energy that should be added to the

grids on the islands of Hawaii and Maui,
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The HECO Companies’ proposed 0 MW cap on the amount of as-available
renewable energy that should be added to the Hawaii and Maui grids is just a guess
because it was not obtained from the validated Electric System Models for the islands of
Hawaii and Maui. The “Evaluation of Excess Energy and Curtailment,” at Attachment 4
to the HECO RS Report, contains no information about the model used in that evaluation,
contains almost no information about the assumptions or inputs for the model used in that
evaluation (except the assumption that the utility would zero out its dispatchable non-
renewable generation and the regulating capacity from that generation available to
maintain reliability), contains no evidence that the model used in that evaluation was
validated for the Hawaii or Maui grids, and contains no evidence that the mode] used in
that evaluation was capable of yielding an accurate answer 10 Question 1.

If the HECO Companies’ assertions were true — that the answer to Question [ is 0
MW for the islands of Hawaii and Maui - then the HECO Companies would not have to
conceal the existence of the validated Electric System Models for Hawaii and Maui and
any quantitative results obtained from the validated Electric System Models for Hawaii
and Maui, would not have to falsely and misleadingly assert that the utility would choose
to reduce the regulating capacity of the utility’s entire dispatchable non-renewable
generation to zero with the addition of any as-available renewable energy to the grid for
the islands of Hawaii and Maui, and would reveal the models, assumptions and inputs
actually used for the “Evaluation of Excess Energy and Curtailment” at Attachment 4 to
the HECO RS Report.

3. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM
MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR

LANAIL, THE HECO COMPANIES FALSELY IMPLY THAT
THE ANSWER TO QUESTION 1 1S 0 MW FOR LANAL
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Instead of using the validated Electric System Model to truthfully answer
Question | for Lanai, the HECO Companies falsely imply — in proposing a 0 MW cap on
additions of as-available renewable energy to the Lanai grid -- that the answer to
Question 1 is 0 MW for Lanai. It can be inferred from the HECO Companies’
concealment of the validated Electric System model for Lanai, and the HECO
Companies’ concealment of any quantitative results from the validated Electric System
Models for Lanai, that the answer to Question 1, ascertainable now using the validated
Electric System Model for Lanai, is substantially more than the HECO Companies’
proposed 0 MW cap on the amount of as-available renewable energy that should be
added to the grid on the island of Lanai.

The HECO Companies’ proposed 0 MW cap on the amount of as-available
renewable energy that should be added to the Lanai grid is just a guess because it was not
obtained from the validated Electric System Model for the istand of Lanai. The “Lanai
Analysis,” at Attachment 5 1o the HECO RS Report, contains no information about any
model used in that analysis, contains no information about any assumptions or inputs for
any model used in that analysis, contains no evidence that any model used in that analysis
was validated for the Lanai grid, and contains no evidence that any model used in that
analysis was capable of yielding an accurate answer to Question 1.

4. INSTEAD OF TRUTHFULLY ANSWERING QUESTION 1 FOR
MOLOKAI, THE HECO COMPANIES FALSELY IMPLY
THAT THE ANSWER TO QUESTION 1 IS0 MW FOR
MOLOKAL

It may be inferred from the HECO Companies’ concealment of the validated

Electric System Models for Oahu, Hawaii, Maui and Lanai, that the HECO Companies
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are also concealing the existence of a validated electric system model for the island of
Molokai.'® Instead of using a validated electric system model to truthfully answer
Question | for Molokai, the HECO Companies falsely imply -- in proposing a 0 MW cap
on additions of as-available renewable energy to the Molokai grid -- that the answer to
Question 1 is 0 MW for Molokai. It can be inferred from the HECO Companies’
concealment of a validated electric system model for Molokai, and the HECO
Companies’ concealment of any quantitative results from such a model, that the answer
to Question 1, ascertainabte using such a model, is substantially more than the HECO
Companies’ proposed 0 MW cap on the amount of as-available renewable energy that
should be added to the grid on the island of Molokai.

The HECO Companies’ proposed 0 MW cap on the amount of as-available
renewable energy that should be added to the Motokai grid is just a guess because it was
not obtained from a validated electric system model for the island of Molokai. The
“Molokai Analysis,” at Attachment 6 to the HECO RS Report, contains no information
about any mode] used in that analysis, contains no information about any assumptions or
inputs for any model used in that analysis, contains no evidence that any model used in
that analysis was validated for the Molokai grid, and contains no evidence that any model
used in that analysis was capable of yielding an accurate answer to Question 1.

V. THE COMMISSION NEEDS TRUTHFUL ANSWERS TO QUESTION 1,

To advance a genuine FIT and the other renewable energy policy initiatives

contained in the Hawaii Clean Energy Agreement, the Commission needs truthful

' The Lanai Mode! Report states, “We also take the utility’s model, put it into Simulink and go to our lab.”
It can be inferred that since the HECO Companies have their own electric system model for Lanai, pre-
existing the validated Simulink Electric System Model for Lanai, then the HECO Companies also possess
their own electric system madel for Molokai.
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answers to Question 1, not a “Reliability Standards Working Group™ designed to evade
an answer to Question 1. The Commission can get a truthful answer to Question 1 in at
least 3 different ways:
(1) The Commission could grant Zero Emissions’ Motion to Compel the
HECO Companies to answer ZE-IR-107,;

2) The Commission, acting sua sponte, could order the HECO Companies, to
answer Question 1, in the form of PUC-IR-101 or any other form that the
Commission thinks proper;

(3) The Commission could appoint a qualified independent expert, such as
National Renewable Energy Laboratory, to investigate the HECO
Companies’ electric systems and use the Electric System Models to
answer Question 1.

An answer to Question 1 is needed as a first step to determining how much as-
available renewable energy the utilities should be obliged to purchase under a FIT. A
truthful answer to Question 1 would make unnecessary a Reliability Standards Working
Group in this docket.

Establishing the “Reliability Standards Working Group” proposed by the HECO
Companies and not obtaining an honest answer to Question 1 would be to delay by years,
if not forever, implementation of a genuine feed-in tariff, like the CEM/ZEL Schedule
FIT, designed “to dramatically accelerate the addition of renewable energy from new
sources.” The longer the HECO Companies are allowed to evade answering Question 1,
the greater witl be the costs and risks to the public of delaying Hawaii's transition to

renewable energy and perpetuating Hawaii’s dependence on imported oil.
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V. HECO COMPANIES ARE NOW PROPOSING A 60 MW REQUEST FOR
PROPOSALS FOR OAHU, NOT A FEED-IN TARIFF,

The HECO Companies’ proposed “Tier 1 and Tier 2 Tariff” 1s a request for
proposals, not a feed-in tariff, because the HECO Companies’ proposed “Tier 1 and Tier
2 Tariff” lacks the 2 elements ~ a guarantee of payments to project owners for total kWh
of renewable electricity produced and a guarantee of access to the grid — that create the
quantity certainty and, therefore, the revenue certainty that project developers need to
obtain financing for their renewable energy projects. The HECO Companies’ proposed
“Tier 1 and Tier 2 Tariff” is a sham feed-in tariff because under it, the HECO Companies
would have no obligation to interconnect a single kW of renewable energy generation
(even if reliability requirements such as Rule 14H are met), and would have no obligation
to purchase a single KWh of renewable energy. Under the HECO Companies’ proposed
Tier | and Tier 2 Tariff, the utility would be free to pick and choose what renewable
generation, if any, would be interconnected with the grid, and would be free to pick and
choose (and curtail) the amount of renewable energy, if any, that the utility would
purchase, just as it would under a request for proposals.

With the HECO HS Report’s proposal of a 0 MW cap on the amount of as-
available renewable energy that the utility might purchase on the islands of Hawait,
Maui, Molokai and Lanai, and a 60 MW cap on the amount of as-available renewable
energy that the utility might purchase on the island of Oahu, the HECO Companies’
proposed Tier 1 and Tier 2 Tariff is now essentially a scaled-down version of HECO’s
2007 Solicitation of Interest for Non-Firm Renewable Energy Projects: Island of Oahu
(the “2007 HECO RFP") that requested proposals for 100 MW of as-available renewable

generation on Oahu. Zero Emissions is not aware of a single kW of renewable generation
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that has been placed in service on the Oahu grid as a result of the 2007 HECO RFP. If
the Commission approves the HECO Companies’ proposed Tier 1 and Tier 2 Tariff
during 2010, the result will have been 3 years of wasted time to come up with a
Commission-approved request for proposals that is not materially different from the 2007
HECO RFP except that it is smaller than the 2007 HECO RFP by 40 MW. The HECO
Companies’ proposed Tier | and Tier 2 Tariff would take Hawait backwards, to 2007 to
be exact, by foreclosing adoption of a genuine feed-in tariff, like the CEM/ZEL Schedule
FIT, that actually would “‘... dramaticatly accelerate the addition of renewable energy
from new sources’ and ...‘encourage increased development of alternative energy
projects.”” D&Q ar 13.

* ok & &

DATED: Honolulu, Hawaii, March 23, 2010

Erk Kvam
Chief Executive Officer

Zero Emissions Leasing LLC
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Partnerships Are Critical For Addressing Overarching Issues

Status of Big Island, Maui, and Facing Electricity Systems
Oahu Projects Electricity System Issues
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Partnerships Require Understanding and Hawaii Energy Resource Technologies for
Can Be Difficult!! Energy Security

» US DOE funded program since FY06 to develop, demonstrate,
and deploy technologies to facilitate greater penetration of
Hawaii’s renewable resources into its energy systems

+ HNEI-led partnership with DBEDT and industry (General
Electric, HECO/HELCO/MECO, Sentech), as part of a larger
partnership with New Mexico Tech

» Transportation (Big [sland) and electricity systems models have
been developed for the Big Island, Maui, and (currently) Oahu

* Results are intended to address key national issues: grid
modernization, energy security, and climate change

* As of FY10, this is now known as the Hawati Sustainable
Energy Program
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Program is Unique in Being Able to Address Needs
of Four Different End-Users plus the Stakeholders

*Meet DOE mission needs — transferability of analytical tools

= An underslanding of the technical impact of renewable energy deployments as they
relate 1o the mainland

» Lessons for mainland systems and analytical tools for mainland grids

*  Mechanisms for addressing stakeholder needs

—Address utility system planning needs — with accurate and usable tools

*  Mechanism for evaluating ncw technologies to address system impacts

» An understanding of impacis of renewable energy technology deployments

—Address state (DBEDT and PUC) initiatives

= A methodology and tool for State policymakers to analyze the impacts and tradeoffs of
technologies {high penetration rencwable energy) and policies (RPS).

» An in-state capability to perform further energy analyses — starting with the PUC

~Provide information to commercialize clean energy products and respond to

concerns of multiple business-environment-consumer stakeholders in Hawaii

_. Hawaii Naturel Energy Institute 5
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Stakeholder Interviews

» What are your key energy-related metrics?

= What are your energy goals for 20207

» 15 2020 an appropriate target for the study?

* What do you see as key global influences?

» What do you see as key energy technologies?
= What policies should Hawaii implement?

* What other energy issues concemn you?

Consociidation Identification
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‘ Inpm Themes Devaopment
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Scenarios Selected for Big Island Analysis Electricity Infrastructure Modeling

Transient Performance
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The Effort Utilized Two Energy Roadmap
Analytical Tools:

What They Are

Technology neutral and objective

Sufficiently accurate 1o provide reasonable comparisons of impacts on syslem metrics

due 1o technology. policy. or operational choices

Indicative of financial effects: who pays, who benetits - and by how much
Results can be used by informed analysts, not requiring detailed power system
engineering

What They Are Not

Not designed for utility operations, but for policy makers and senior management
Not configured for rigerous engineering requirements for planning and design
Not designed to replace IRP process

We are clear on the distinction between operations analysis and
scenario analysis. These tools are designed for the latter,

Hawall Natural Enargy Inatituts
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High Wind Penetration Scenario

Giiven interest in Hawaii for increased wind farm development, a rencwable
energy strategy consisting mainly of increased wind utilization was considered.
Wind capacity was increased at cach of three wind farms on the Big Island.

In 2007... In 2018...
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Fossil Fuel Consumption and Greenhouse Gas c - .
Emissions Decline in High Wind Penetration Scenario System Performance .'s Impactefi in High Wind
Penetration Scenario

HIGHERWIND PENETRATION - BASHINE
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Modeling the Efficacy of “Fast, Inter-Hour” Energy Storage

Models imply that a SMW storage device reduces
RMS to below that of the Baseline case

Higher Wind Penetration Scenario
A

0.1z
0.10 1
008 1
006 1
004 4
0.02 1
0.00 4

Fraqusncy Davigtions
RMS Hz)

Basalina  High 1MW 2MW SHMW
Wind Sworoge Storage Storoge

+ While these modeling results are encouraging, there is a
need to validate model results with demonstrations!!!
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Enhanced Energy Management Scenario Examined
Linkage Between Energy Sectors as well as
improved Energy Efficiency and DSM

HELCO Enerqy Efficiency/DSM Programs

Existing:

+ Residental Efficient Water Heating Program (REWH),

» Commercial and Industrial Energy Efficiency Program (CIEE),
« Commercial and Industrial New Construction Program (CINC),

+ Commercial and Industrial Customized Rebate Program (CICR), HELCO Programs
Taken from current IRP

et 4 201N >

New:

- Energy Solution for the Home Pragram (ESH), E"'“E“:;E
* Residential Qualifying Income Program (RQl), ] T4 75
* Residential New Construction Program (RNC). ;T: a7 258
* Residential Direct Load Control (RDLC), 3 oo e o
* Commercial and Industrial Load Management (CILM). 75 EH 5] 57
" Rl 1] 17
il NG 17 5D
Load ADLC 27 0D
Control M 24 nn
S Rates RIDU 03 [
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Enhanced Energy Management Scenario Reduced Energy Vulnerability Scenario

+ The peak load reduction was obtained from HELCO's most recent IRP. Sce n ario Out“ne
» PPAs: IPP price scaled by ratio of forecasted 2018 fuel price to 2006 fuel price.

- : - e
« The GWh reduction in energy sales was compared to 2018 estimates in IRP. Huslalei Geothermal | =
= 200 of geothermal -
o ENERGY EFFICIENCY power (1MW baseload +
=1 Peak reduction. scaled by loadidaily peak T0MW of load fallowing)
£ Residential = MW reduction at peak, 6am to 1am T
1w Commercial = AMW reduction at peak, 7am to -"!é.;
g t0pm 1. PP i :
) . _ . . owned Hualalai & Puna Geathermal
e — Resort = 7MW reduction at peak, 6am to 12am are paid a fixed price of $140/MWh at full
v Erengy Effidiendy « 0P load 190/MWh in load.
an  + MR SRS A Combined Heat and Power (CHP) and $130/MWh at min load
£ Unitorm 7MW reduction from 6am to 10pm 2. New geothermal plants are must-run at
3 the minimum load.
PHEV Charging [not from IRF) 3. PPAs based on avoided cost in 201
Nighttime load “valley” filling based on a schedule of ) sedon in 2018.
s the previous days’ peak and average load for 10% of P:‘"Bm"the"“[:m: ure
"_‘7 ‘ the hght duty cars. Leveraged Transporation Model. gemmmmad o ?g('zmw
i . . baseload + 6MW load
3 Load Control (modified from IRP) following)
1MW of residential/commercial load control to reduce
spinning reserve requirements. s !. Hawall Natural Energy Institute 16
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Strategic Summary
Stakeholder Metrics

BASRJHE

FEDUCED
BIERGY
VULNERAR TY

HGERWAND
PENETRATION

BhrencED
BIERGY
MANACEMBHNT

Energry Security | Environmental Economic Economic Sustainabl y
Imported g, Ratepaysr Idand Renewabla
Petroleum Emisslions Variable Cost | Variable Cost Enargy
Rexcluction Reductlon Rex | Reo i Detivered
%) (%) ™) %) %)
~Baseline” 0% 0% 0% % 2™
~Enhanced Energy Management™ % % 5% =% %
"Higher Wind Penetration™ 15% 4% a% 16% 9%
"Reduced Energy Vulerabillty® 1% 10% 0% 13% 16%

in the Baseline scenario, 27% of electricity is generated from renewable energy.

Energy efficiency, load control & PHEVS reduced variable cost and raduced wind
curtailment “Enbanced Energy Mgmt” results can be additive to the renewabls

energy scenarios.

“Smarter grid” technologies needed to accommodate substantial penetration of as-
avallable generation.
New technologies {controls, energy storage, coordinating thermal generation,
etc) will be needed to enable increases in the penetration of wind power,
it is not clear how 10 pay for these technologies. What is the business case

and regulatory support that is needed?
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Maui Project Activities: 2007 to
Present

» Development and validation of electricity
systems models - primarily funded by HECO
with support from USDOE
— Models currently being used for resolution of

issues between IPP and HECO/MECO

» Maui Regional Distribution and Systems
Integration (RDSI) project

— Currently described as “Maui Smart Grid”

Hawall Natural Energy Institute
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Maui RDSI

Demonstration Project

wohuhn /  Kancho - @KY
3 ——e— FAKV

G pTE 5 o

vywasan Bectr Company
oy YR L (g

g 2

|@: Hawa i Nstural Erergy Instilcta
@ US ODepmrttnend of Energy

@ Mate of Hawall

!-. Hawail Natura! Energy Inatitute

Py
ey of eyt o My

. K 8 9ubelaton |
@MIUI Elsctric Company, Ltd. : - - — ® Puwss pom),

MAUI RDSI PROJECT: Cne of Nine to Win Out of 80
Proposals — Project Objectives

To develop and demonstrate a distribution automation solution
that integrates dispatch of distribution assets (distributed
generation, energy storage, demand response, renewable
energy, and distribution automation) and bulk power assets
(central generation, energy storage, renewable energy) to
achieve system-level benefits.

— Reduce distribution peak loading by 15% or more
Improve service quality through integrated volt/var control

Enable consumers to manage their energy use to minimize electric
bills and utilize on-site renewable energy

Support grid stability (regulating and spinning reserves)
Enable greater ufilization of as-available renewable energy sources

Hawali Natural Encrgy Institute 20
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MAUI RDSI PROJECT - Technical Challenges

Developing a general Smart Grid platform and architecture

« Hierarchical control — system, independent power producer, distribution
microgrid substation/feeder, distributed generation and storage (conventional
or rencwable), customer (residential, commercial, institutional, industrial)

* Basic elements of the Smart Grid - data, sensors, communications,
controllable equipment, applications {models and commands)

= Recognize that applications ean run at any level, using data from any level.
Applications need to be prioritized to aveid command conflicts.

* Incorporating legacy equipment (with proprietary
protocols) - interoperability
» Not overwhelming the system dispatcher!!

» Developing integrated, secure communications systems -
cyber-security

Nkl of e pag Ege'® Fmmacy. s Tovarminge
Unpepeby of il g pdet

] Hawsil Natural Energy Institute
d i
[ T

Maui RDSI Project - Benefits

Improved grid stability
*  Reduced use of petroleum
« Better disiribution voltage management
» Incorporate more as-available renewuble energy
* Integration of gencration dispatch. IPP. demand response, AMI, distribution
management, outage response functions
* lmproved capability to efTectively manage data flow for effective decisions
First Wind
*  Sell more energy
Customer
» Improved service quality (voltage management)
* Lower energy bills
State of Hawaii
« Less petroleum use
* Better use of indigenous renewable energy resources
* Reduced greenhouse gas emissions

*  Smart Grid architecture — solution for integrating multiple Smart Grid functions at
customer, distribution, transmissiun, generation, IPP levels - applicable to mainland
sysiems

Hawall Natural Energy Institute

avtoral of Chmmry Sty Srtat Bl Vot
Loty Mot nf bl



Maui RDSI Project — Successes to Date

Identified demonstration site that had to change due to
economic downturn - Wailea sub-station chosen rather
than proposed Maui Lani sub-station

Data collection and model development

Targeting utility system problems and relate to objectives of
RDSI initiative

Progress on architecture design — integration of utility
(planning, operations, customer services), customers,
independent power producers, vendors - Key points are:
« Meet the requirements of the contract with DOE
» Appropriately address the needs of the utility
* Don’t plan to just tack equipment on the system
* Work with end-use community where possible
» Developing solutions to meet all stakeholders’ objectives

E; Hawail Natural Energy Institute
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Maui RDSI Project — Where are we now?

Planning - First report will come out ahead of new

schedule
* Selecting functions, feeders, substations, customer premises,
communications
» Choosing equipment and integration/interconnection points
Design
» Smart Grid architecture and control hierarchy
+ Information flows and communication links
» Functional specification of the demonstration

Incorporating MECO and HECO demand response, AMI, AGC, etc.
functions

Development — just starting
« Adapting existing equipment, applications (e.g., ENMAC, wind turbine
controls)
* Developing and validating feeder models
= Beginning development of one of the residential responsive load options —
!. Haw GEI I}Siidenrf#.l u&ﬂ"gy Management optimizer with smart appliances
]

nergy
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Oahu Wind Integration Study - Current

Status

+ Qutstanding issue is how to validate against something that has not
happened.

* Models have been developed, validated and reviewed by TRC made
up of national and international experts

Excellent team put together by Dave Corbus from NETL

+ Scenario analyses are underway. Current scenarios may include

Scenario #1 - 100 MW of wind on Oahu

Scenario #2 - 100 MW of wind on Oahu and 200 MW on neighboring
island

Scenario #3 - 100 MW of wind on Qahu and 400 MW on neighboring
island(s)

Scenario #4 - 100 MW of solar on Oahu

Scenario #5 - 100 MW of solar on Oahu, 100 MW of wind on Oahu,
and 400 MW of wind on neighboring island(s)

l_. Hawali Natural Enargy Institute 25
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Basics for Sustainable, Secure
Futures: Hawaii Can be a Leader!!

« Environment — land,
carbon, water, air

* Energy - security

* Economics - value to
consumers, return on
investment

* Equity - fairness

* Education — technical
understanding, behavior
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1. Introduction

The Maw Gnd Study is a joint study by Hawanan Electnic Company ( HECUO). Maw
Electric Company {MECO), the Hawaii Natural Energy Institute (HNED and the General
Electric Company (GE) 115 one of the components uf 1he Hawan Dismbuted Enerpy
Resource Tectuologies for Energy Secunty project

The primary objective of this study is to develyp and calibrate dynamic and production
cost models for the MECO electricity gnd This 1s the first set of steps 1n an achviny
designed to help MECO 1dentify technologies on uperating strategies that wiil enable 1he
sysiem to manage higher amounis of as-available tenewable energy  These models were
validated against a base year and will be used 1o evaluate pawer system expansion
scenarios for the island of Maui  This program began in January 2008 with the data
acquisilion and model developnient. This deliverable highlights the validation of the
power systems model for the island of Mau

I[n arder 10 enswe the made| accurately captures MECQ's present system operatian, Lhe
model was calibrated and validaled against histurical dafa  However, some ol the
operating practices that arc presently in place were not in place 1n 2007 |n order tu
ensure the model 15 useful for analysis of fulure scenarios. the present operaling
conditions were genemally modeled, while only some histoncal operating conditions weie
captured Significant tleration with the HECO/MECO tcam was necded 10 ensure the
model accurately captured MECO svsiem uperation 1o a level of fidelity sufficiens for the
next phase of this study {scenane analysis of the future MECO svstem). Weekly
imeclings were organized (o allow the model devclopment and validation team to present
the resulis from cach model  Questions were ashed of the HECOMNECO team 1o clanfc
system-operating practices Based on their responses tu these questions, and their inputs
and directions based on questions ilhat HECO/MECO raised. the GE team revisited the
model each week. implemented the necessary chanpes. and presented the latesi resulis ar
the following meeting  This document represents the Deliverable for Task 9. the
Baseline Model Validalion results The modeiing, validation, and management team 15
comlortable with the level of accusacy for both the GE PSLF™ and GE MAPS'™ models
of the MECO system for the application ul these 1ouls fo system scenano analyss.

This document i3 intended 1o present the validatin ol dotabascs created in GE MAPS ™
and GE PSLF™ for the analysis ol the elecineal sysiems of MECO  The dstabases were
compiled based on the dala provided by HECO and MECQ  These dala weic described
in the Task 8 Deliverable, “'Maui Electrical Systent Medel Development Data mnd
Assumptions.” the repor! on System Model Development  Some of the models were
further improved based on the input provided by HECO and MECO afler the Task 8
Deliverable was subnutted  Afler HECO and MECO have reviewed this documeny, an
exchange will be held 10 discuss the model validation and scenanos 1o be considered in
the next task of the project

A [inal comment is appropriate. This effort was primarily funded using HECO funding
as part of the larger, related project that is funded by DOE  As a resull. some information
15 considered propnetary by the unlity and 15 presented hete tn tus report as qualitative
coemclusions. altheuph quantitanve infoennanon has heen presented to the utihty
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2. Model Validation

The Mau: grid 15 a dynamc svstem, subject (o continuously changing condilions. same of
which can be anticepated and some of which cannot  From a contrel perspective. the load
and the wind power production are the priman mdependent variables — the drivers To
which alt the short-term controllable elements in the povwer system must be positioned
and to which they must fespond. There are annual, seasonal, daily. inute-to-minute and
secend-ta-second changes in the amount (and aature) of load served by the system The
performance of the power system 1s highly dependent on the ability of the system to
accommeodate changes and disturbances whife mainiaining quality and continuity of
service (o the customers

The modeling exercise 15 aimed at captuning technical aspects of challenges rclated (o
regulaion. frequency conirol. load following and unit commitment within the
transmussion sysicm capabilitics associated with the present anfrastructure, including
Lntermitent resouices Such as wind generation The quantitative analysis covered a broad
range of trmeframes. including-

* Seconds to minutes (regulation and frequency control) — Dynamic simulation,

*  Minutes 1o hours ([oad following, balancing) - Dynamic simulation, and

* Hours lo days (uhit commitment, day-ahcad load forecasting and schedules) -
Production cost simuylation

There are several umemames of variatnlity, and each nmeframe has corresponding
planning requirements. Sperating practices, information fequirements. €conomic
implications and technical challenges Much of the analysis in the first phase of the
project was aimed at quannitalively evaluating the impact of existing MECO assets,
including wind resources, in each of the imeframies televant 10 the pecformance of
MECO's power systemi I the Jongest imeframe, planners look several years into the
future to determine the 1nfrastructure requirements of the sysiem based on capacity {or
adequacy) nceds  Thes time frame inciudes the 1ime required 1o permit and buld new
physical infrastructure. In the next smaller limeirame, day-to-day planning and
operalions must prepare the system for the upcoming diumal load cycles. 1n this
umeframe, decisions on unn commitment and dispatch of resources must be made.
Optinting practices musi cnsure reliable operation with the available resowces  Dunng
the actual day of eperalion, the generahon must change on an hour-to-hour and minute-
to-minute basis This is the shortest timeframe in which ecanomics and human decision-
making play a substantial role Unul commitment and scheduling decisions made the day
ahead are imnplemented and refined (o meet the changing load. In the shortest fime fraine.
cycle-to-cycle and second-to-second variations n Lthe svstem arc handled primanly by
automated contrels  The system’s automatic controls are hierarchical. with all individual
gencrating Facilities exhubiling specific behaviors in response to changes in the system
that are locally abservable (1.¢ . are detected af the generating plant or substation) In
addution. a subset of generators provide segulation by following commands from the
centtalized Automanc Generation Control LAGC). 1o meet overall sy stem control
objectives including sysiem frequency.

In the context of MECO, the infrastruciure has been modeled at difTereni devels

1J

= Transicnt medeling, 1n the scconds-M-minutes Uimescale, (o validate siabihin and
transient performance ol the island grid, and

»  Production cost modeling. in the fows-1o-days timescale. to determine the
operating economics of the power system

The produciion model was developed tn GE MARS™. The resulls of the produciion cost
model were conipared to the 2007 tusiorical operating conditions The com!misun 15
summanzed in this report The dynamic model was develaped 10 GE PSLF'™. The AU
mode] was developed 10 represent the MECO AGC  Three “windows™ ol system
cperation were chosen and the AGC model way calibrated and validated against these
windows This type of simulalion 15 referied (o as a long-term dynamic simulation
Additionally, ransicni stability simulabions were performed  This included simulating
load flows and contingencies in GE PS1.F™ 10 ensurc the model represented actyal
system behavior

2.1 Production Cost Modeling (GE. MAPS™ analysis)

Production cost modeling of the MECO system was pertormed with GE's Multi Area
Production Simulation iGE MAPS™,) software program  This commercially avaitable
modeling (ool has a long histery of governmental, regulalony independent svstem
operalor and investor-owned utitity applicattons  This (0ol was used 1o simutate the
MECO production lor 2006 Uttimately, the production cost mode! provides the umi-hy-
unit production outpul (VW) on an hourly basis for an tatire year of production (GWh ol
electnicity production by cach urut) The resulis glso provide information about the
variable cost of electncity production, emissions, tuel cunsumption. elc

The overall simulation algenithm is based on standard Jeast-margmal-cost operating
practice  That ys. genesaling wmts that can supply power at lawer margenal cost af
production are committed and dispalched before higher maiginal cost generation
Commitment and dispatch are consirained by physical limitations of Lhe system, such as
transmussion thermal linuts, mimmum regulanng feserve, and stability limuts, as wel as
the physical limitations and characietisiics of the power plants  Significant inpul has
been received from HECO and MECO, and multiple modet 1tcrations have been
perfarmed. to ensure thal all physical, coniractual. and reliabilify requitements were et

2.1.1 Modcl Data and Assumplion
In orde 1o characlerize the operation of the MECU sysiem 1n GE MAPS™, gencral
operating assumplions were needed It was understood by both GE and HECOMECO
that the acrual pperating practices vary depending on unique system events and
conditions, such as the present and anticipaled wind power production, the ipad level, the
number and fypes of units on outage, ctc. The dara used in the modei are outlined in the
Deliverables for Teshs 4 and 7. The miodel datn and assutuptions are outlined in the
Deliverable for Task 8

To briefly summanze the Task 8 Detvesable, sume of ihe inputs 1o the GE MAps™
mode! are summanzed beluw

* Sum of hourly generation as the Yoad profite.

i



* Umit characjeristics. such as hcat rate curve over the entire operating range
Maximum power poinl, mynmum power poini, planned and forced outages
rates_ regutaing reserve capabtlity, and emussions rates.

¢ Howly wing power production

* Hourly HC&'S production

» System and gnit constraints.

* Systemn losses due 1 transmission

* General operating assumptions idescnibed later in the report)

The wnt-by-unit characienstics are summarized in the GE MAPS™ model The
incremental heat rate values were compared to lhe MECO “ABC Heal rale Curves” fo
verify that the conversion was peiformed accyrately. The fuel cost data are an nput to
the GE MAPS™ model These dala were provided by MECO (see Table 1)

Tabie 1: MECO thermal plant fuel cost data [YMMBtu) from "Power Supply Reports
{07} 03170mm.xis".
FEBDUAL DISTALATE
1112007 a.14 1469

U007 B82S 1825
Vuzod? &0y 1509
412007 B4 582

07 678 1596
e12007 88T 17ie
2087 g9t 16683
&vzmm? 9 1752
172007 1019 1812
1¥1/2007 1008 1751
11172007 1038 1158
Zvr  1az w2

In osder to charecterize v operation of the MECQ sysiem in GE MAPS™, general

operling assumptions were made. It was undersiood by both GE and HECO/MECO that
the actual operating practices will change depending on unique systemn events, such as the

present and anticipated wind power production and load condition, as well as the number
and types of units on outage, eic
The fallowing gencral modeling assumptions were made
e MI4 MI5 M16 were modeled as operating in dual-train combined cycle
mode.
s MI17. Mi8 MI9 were modeled as operating 1n dual-train combined cycle
mode from 6 am to |0 pm
 M17, MI8, M19 were modeled as operanng in single-train combined cycle
mode from 10 pm 1o & am
» HC&S wax modeled as operating on the following schedule.
2 9 MW from 9 pm to 7 am. and 13 MW from 7 am to 9 pm. on
Monday through Saturday, and 9 MW on Sunday

+ Kahecawa Wind Farm (K WT's was modeled based on 2007 hourly wind power
produciion data {posi-historcal curtailment)

« K1 was modeled as operaltng from & am 1o 11 pm

+ K2 was modefed as operating from 7 am te 1 pm

= M4 M5 Mo, M7, W3 and M3 were modeted as being available trom 7 am to
10 pm

s The regulation reserve requitement was modeled as

o 6 MW plus half the power production of the Kaheawa wind farm

The regulating reserve requiremenl calculation was changed tu a
new methodotogy in 2008

o M4, M5, M6, M7, MB, MO, MI10.M11_MI2 MI3. MI4. M15,
MI16.M17.M18, and M19 were modeled as the units capable of
providing regulation.

=  There was no power production from Makila hvdro plant in 2007 therefore,
nu power production from the hydro pilant was included in the model.

+ Qutages were simulated in MAPS based on 2007 hisioncal outage duration by
unut. In future analyses it 15 kkely that the 5-year average oulage data. by tml,
would be implemented in the model

* The gencral commitmen! order was obtained fram MECO as K3, K4,
MI4/1516, MITE K1 K2 MIO, M19. MEL MI12, M13, MB, MS. M4, Mo,
Mi-3. X1. X2, M5. M7

o MI10.MI11. M12 and M13 are mterchangeable in commitment
arder

o M4 and M6 are lower in the commitment order than M8 and M?
due to the limit on the operating hours

o M35 and M7 are lowest in the commilment order dug 10 the air
permits on NOx emissions

o MI, M2, and M3 interchangeable in commetment order

o X1 and X2 arc interchangeable i commitment order

The incorporation of these system constraints and assumplions increased the accuracy of
the model with respect to the 2007 operating year  This allnwed Hie project (cam to
compare the model results to the historeal data in arder o gain comfort in the
implementation of the MECO system dam info the GE MAPS ™ model

1.1.2 Results of the Production Cost Model Anatysis

Based on the validation objectives developed at the onsel of thus task by the
HECO/MECO/GE icam. the tesulls of the model were compared to hislorical data The
GE MAPS™ hourty produchon dala, by unit, and a summary table. outlining the annual
unit-by-unit energy production, anhual production cost. annyal enussions. annual fuel
consumpiion, eic , were ohained from the model

One of the qualitarive methods for companng model results fo histoncal data 15 to
visually compase the hourly generation, by unit type, to histoneal data over a long period
al lime (sec Figure 13 The GE MAPS ™ mudel predicied hourly energy production
similar to the historical 2007 production Some of the discrepancy between the two
figures can be atiributed 1o unit oulages occurring 10 MAPS that duf not husrorically vccur



in the same ime frame  Addilionally. any operator intervention is not capiured i the GE
MAPS™ model Furthermore discrepancies between the historical sysiem operation and
the model results will be discussed later in this section This qualitative comparison
allowed the project team to gauge how accurately some of the operaling consiraints were
being implemented wn the model.
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Figure 1: GE MAPS™ model resufts compared to historical hourly generation dsta for
200 hours, starting November 26, 2007 and aniing Decamber 4, 2007. The MAPS model
Did not simulate the exact gutage svents as thay historicalty occurrad In 2007.

A number of quantitative methods for comparing the GE MAPS ™ mode! results to the
historical dala were performed The first method considered the annual energy
production, by unit type  Since most productton cost models consider unts ol similar
type and heat rate as inicrchangeable. comparisons are generally made on a unil-type
basis The 2007 historical energy production was chosen as the benchmark year. There
are notable differences between the way MECO operated the system m 2007 and the way
tn which it 1s presently operated  Both some of the present operating sirategics and some
of the former operaling stratcgies were modeled i GE MAPS ™. thercfore. a very close

comparison to the 2007 historical year may not necessanilv retlect how accurately the
mode| would predict system operation while analvzing scenanos for subsequent vears
11 ¢, using post-2007 operaling praclices only) Where reasonable, the project team
modeled same of the operating practices in 2007 in order to demonstrate the validity of
the MAPS model to a benchmark year The annual ene1gy produciion, by uml vpe, 15
shown for both the 2007 historical MECO operation and e MAPS model 1n Figure 2

Historical GE MAPS™

BHCaS  DFEWP Dpegiing WHCss  UKWP Dpegking
DKIKa 7% 10% 2% OK3Ka 704 10% 1%
1% B Cyckng 12% ] Cv;:;:‘ng
WKIK2 % BEK1K2
3% 3%
B omiomiz 5“1101':”
by 10%
| M171819 & M171819 :
26% amMi1als16 26% QM141516
2% 20%

Figure 2: Comparison of the anrual anergy production (MWh), by unit type, between the
Histarical 2007 Maui energy production and the GE MAPS™ model simulation. Note that
Tha Cycling untts refery to W4, MS, MG, and M9, and the Peaking units refers to X1, X2,
M1, M2, M3, M5, and M7,

Recognizing the lrmitations of the model. the project team was sansfied with the tevel of
fidelity observed on 2 unit-by-unit basts  The annual enesgy production, by unit type,
compared wilhin 1% of historical energy production  Later in this section. the
differences between the modet and the hustoncal data are discussed in furthes detaul

The secand quantitative method for validaling the production cost model was a
compansan bevween the average MECO system heal raie. based on 2007 histoncal data
and the system heat rate obtained from the GE MAPS™ model  The heat rate 15
calculated as the total fuel consumption an 3 fucl-tvpe basis per kWh produced by thuse
unils

Based on the results of the MAPS simulation. ihe heal ra1e was ~5%q less than the
histotical MECO system heat rate  This indicates that GE MAPS™ overestimates the
averall system efficiency by ~5%, amilar o the level of fidelity observed wn the
HECOMECQ production cost simulaliohs

The model results captured the histoncal energy preduction. by unit type and the
lusiorical system heal rale, within 5% Somie of ihe discrepancy between the mode!
results and the historical 2007 results can be atributed fo the following factors.



= Intra-hour vaniability of wind/load was not captured in the hour-to-hour
simulalion ool  Natural imperfect dispatch of generation due lo e present wind
produchion and the wind power production trend was not captured in the moded.

* The amount of regulating-up reserve available to address the decrease in wind
produchon and ingcrease in load varies within an hour In the hour-to-hour
simulation, the imet-how changes in 1epulating feserve were not capiuied

o Changes 1n the regulating reserve requirensent may lead or lag the changes in the
load and actual wind power production  For example, the amount of reserve also
depends on the load leve! and the anticipated rate of change in load Additionally.
if’ the wind power 15 steady, MECQ may decide 1o decrease the reserve
requiremenis These decisions are made at the discretion of ihe operator and
could not be sysiematically captured in the model.

®  Afler starting some units, they do not count towards the regulating reserve
requirement until a specific period of time has passed The model counts this unt
in the tegulating reserve requirement once it has been started

« Differences in commument/dispaich duning outages were not eaptured. For
example, K | or K2 was operated as bascload when K3 or K4 was on outage.

* Tempotary unit de-ratings occurfed duning 2007 histoncal operation. These de-
ratings were not captured in the model.

= A detailed list of the unique operating conditions, generally not captured in
production models, 15 provided in Docket No 2006-0387. For example,
performance tests were performed on M18 in 2007, M13 was only in operation
for half of 2007 and returned to oeperation on July 9, 2607, and biodiesel fuc)
testing was performed on some ol the diese)-fired units in 2007

s HC&S was modcled on a fined schedule, not on the actual ustoncal production
from 2007 This was done 1o ensure the validity of the model for scenaros

1.1.3 Conclusions of the Production Cost Modellng

The project team agreed that the production cost model of the MECO system accurately
captured the encrpy production, by unit type, within 1% and the system heat rate within

%% The GE tcam 15 satislied with the level of fidclity of the production cost model and
recognizes that some of the discrepancy berween actual histoncal production and
stmulate production can be attributed 10 a hist of factors described above. The project
team believes that the use of this tool 10 analyze system scenarios on the MECO sysiem is
appropnate for future phases of the project

2.1 Transicnt Stabllity and Long-Term Simulations (GE PSLF™ snalysis}

Transient and long-term dy namics simulations are used to estumate system behavios (such
as frequency) during wind power fluctuations and system cvents  1n combination with
good engineenng judgmeat with the understanding of the limitations of the model, this
type of inodeling can be used lo understand the rmpact of transient operation of different
penerators on system frequency tn a seconds timeframe, and can be used by uvtilitics 1o
cnsure thal the sysiem frequency remoins stable and withun acceptable limits during
critical operaning conditions. For example, if wind power production suddendy decreases
due o a sudden calming of wind in the area, another generator must increase its
clectncity production as quickly as the windfarm decreased 115 production Depending on

how fasl the gencrator increases its production, the system frequency will desiate trom 60
Hz The dynamic simulation 1001 can be wsed 1o estimate the frequenty excursion
associated with this type of an cvent

Long-Term Dynanuc Simulatuons were performed tor MECO's grid using GE’s Positive-
Sequence Load Flow {GE PSLF'™) software Second-by-second 10ad and wend
variability were used to drive the full dy namic simulation of the MECO gnd Yor several
thousand seconds {approximately one hour)

2.2.1 Load Flow Database conversion
The Transousswn Planning Dwiswn of HECC pruvided load-tlow databases in PSSE
formal. The PSS/E datascts were converted 10 GE PSLF'™. The comparison of GE
PSLF™ results and PSS/E results was adequate and presented in the Task 8 deliverable

1.2.2 Steady State Contingency Simulationy

2.2.2.1 N-1 Contingencies in the 69 LV System
Based on the breaker locations in the single-line diagram of the MECO 69 KV system, an
N-1 outage of all 69 KV lines was considered for bath minimum and peak load cases
Constanl power loads. genemtor temuinal vallage cununl. oo {ap changer action and no
automatic cap swilching weic assumed The list ol Limes considered for the N-1
conlingencies 13 given m Table 2

Tabla 2: Contingency list of lines.

Outage name Outage description

Iine_1 Line MAALAEA 690 to LAHAINA 68 0 Cirouit 1
line_2 Line LAHAINA 69 D to PUUKA B9 69 0 Circutf 1
hne _3 Liné LAHALUNA 69 D to PUUIKSE 69 59.0 Circuit 1
Ine_4 Line LAHAINA 69 0 10 LAHALUNA 69 0 Coouil 1
e 5 Line MAALAEA 6% 0 to KWP 69 0 Cocant 1 _
Iine_& Line LAHAINA 69 D 1o KWP 69 0 Circuit 1
Iine_7 Line MAALAEA 69 0 lo LAHALUNA 69 0 Curcurt 1

[ hna_8 Ling MAALAEA 50.0to WAIINU 69 D Crrcutt 1
ine_9 Line MAALAEA 69 0t PUUNENE 680 Circurt 1 ]
lina_10 Line PUUNENE 69 0 1o KANAHABY 69 b Circnl 1
hne_%1 Line KANAHAGS 62 C to PUKLNG9 69.0 Circuit 1
hre_12 Line KULA 69 690 to PUKLNEY 69.0 Cucut 1
e 13 Lere KEALAHDU 58010 XULA 69 69 0 Crrcun & 1
hre_14 Line MAALAEA 69 0 tlo KEALAHOU 69 D Cirquit 1
tine_15 Line MAALAEA 690 to KIHE! 69 & Circuif 1
line_16 Line KIHEI 69010 WAILEA 6§90 Cicun 1
lne_17 Line WAILEA 69 0 lo KEALAHOU 69 0 Circuit 1




2.2.2.1.1 Minimom Load Conditions
The maximum and minimun per unt bus velges for alt connngencies during mimimum
load conditiens were evaluated and modeled, where necessary. This also includes the
maxtmum per unil branch loading for all contingencics dunng mirumum load conditions
One-line diagrams of the base case and the contingencies are also developed  No salwent
overloading or low voltage problems were observed for minimum lead conditions. in line
with collected information of the MECO system

2.2.2.1.2 Peak Load Conditions
The maximum and minimum per unt bus vollages for all contingencics m the peak load
case were also modeled and evaluated Maximum per unit branch loading for all
contingencies during peak load conditions and one-line diagsams of the base case and the
cuntingencies were also developed

The pre-contingency load Now dunng peak load condinons demonsirate low voliage
conditions 1n the radial system between PUKLNGS and Hana  Any contingeneies due to
2 line outage 1o the 69 KV systerm between Maalaca and PUKLNGS lead to cither severe
under voltage conditions in the radial 23 kV svstem to Hana gr o vollage collapse

Voltzge collapse i this long 23 kV adial system wes observed in N-1 outage of lines
PUUNENE-KANAHA69 (ine_10} and MAALAEA-KIHEL (Iime_15) Load flows did
not solve wath constant power Inad characienstics

The voltage issues observed in the 23 kV system io HANA are in line with the
information shared by MECQ and HECO during the weekly discussions Under system
condtions that result in low voltages in Hana. MECO operators start small diesel umts
close to Hana

2.1.2.2 Critical Contingencies

In addition Io the N-1 contingency' anatysis of all 69 kV transmission lines, further
analysis was perturmed based on the list of critical cases provided by MECQ and HECQO
{Table 3)

Tabla 3: Lisl of critical cases.

[ Qutage Outage | Remarks
name Description
tnlriaml | ] get of MPP-Waiinu line(39-636) Iinc_8
micnast? | ot of Mpp_[(lhcri_hm { 39.35) —l—lmc_ls
talermascdt )y o5t of MPP-Puunene {19-402) hine_o
crsm | g3l of Waiinu 1ie transformer {636-236) and Lansfyrmer outages (N-2)
Lost of Puuncne tie transformer (4-4002)
s d? | ] oet of MPP-Lahaina (19-34) and o tme_1 & bne_6 (N-2)
Lost of KWP-Lahaina (97-34)
nbuwamat | [ ggl of MPP-Kealahou ¢ 19-655) and line_14 & Line_15 (N-2)
Lost of MPP-Kihei (39-35)
tnbune=s? [ ] gt of KPP-Kanaha 1,2,3 (200-202,1,2.3) hines n 23 kv system
| Inlunaeis [ gct of Waiinu-Wailuku 23 (236-3) line in 23 kv system
{ inkcrame o9 During mintmum load, lost of KPP (K] and | geaeralor outage
K4}

The first eight critical cases ocour durng peak load conditions, whereas the ninth case 15
during tke minimum load conditions The first three cascs are idenfical 1o N-
Iconingency cases considered in the previous section  The coricsponding conlingency
cases are shown in the remarks cofuma  Case 4 is an N-2 outage of transfocmers. and
cases 5 and 6 are N-2 outages ol lincs  Cases 7 and 8 are N-1 vurage of lines in the 23
kV svstem.

Case % is loss of K3 and K4 unsts at KPP durning minsmum lead conditions The tolal
amount of lost generation duc 10 the loss of units K3 and K4 15 re-dispatched on the three
CT units 1n service during menimum lead condibions, whech are M14. M16 and M17
This is associated with prioriry levels in regulation function of the AGC apptication i
EMS Each of the three units picks up a fraction of the toial lost gencration,
proportionally to (the amount of its reserve. The peccentage of the lost gereraton each of
the thriee umits picks up is as follows: M4 27%_MI16 272 and M17 46%

The maximurm and minimum per unil bus voltages for all cnlical cases were evaluated as
were the maximum per unil branch loading for all enifical cases and the one-line diagrams
ol the base case and the contingencies Cases 2 and & did not canverge due 1y Jow
valtages in 23 LV radial 4vstem to Hana, as descnbed in the previous section




1.2.3 Dynamic Contingency Analysis

2.1.3.1 Critical Clearing Times
Dynamic contingency analysis was perfonned on the critical cases provided by MECO
(Table 3). According to the information provided by MECO. typical cleanng times fur
zone | faults are between 6 1o 9 cycles, and typical cleaning times for zone 2 faults are 20
to 50 cycles, depending on the line  Based on tus information. four clearning time
combinations were chosen for the dynamic contingency analysis

Angle stability 13 maintained i all crineal cases for the first three cleanng-time
combinations The last cleannp-time combination  |50ms-833ms} leads to loss of
synchronism for the critical cases 1,235 and 6 Critical case 6 leads te very low voltages
in the radial system between PUKLN69 and Hana

Loss of KPP 0 case 9 leads to a miumum frequency of around 58.5 Hz and results in
under-frequency load-shedding operation  Loads st KITHEI B, PUKLN A LAHAINA1
and NAPILBI2 (11 6MW) tnpat 58 7 Hz Many other loads would trip a1 58 5 Hz.

2.2.3.2 Definition of Centingencics and Clearing Times
Based on the critical cleaning-lime calculations of the previous section and afier further
consultation with MECQ and HECO. contingency cases were chosen and analyzed
Critical case 2 does not present transient instability. However, even Ihough the
simulation reaches a stable steady state after the fault. the system is likely to evolve 1o
significant load disconneciions due voliage collapse In the transieni simulations it can
be observed thal reactive powert and the lield curtent tn MPP umts are high and sustained
for many seconds There 15 significant risk of these units experiencing reduced field
cwrent due to over-excitation limiter {OEL) operation and consequently further reducing
voltages In case OEL limuters arc not available in the units, the units may trip on over-
excitation protection Thus situation 1s alse ggraveied by the OLTC operation that tends
to increase the load consumption of active and reactive power during low vollage
conditions in the &% k'V sysiem. Crilical case 6 does nol present transient instabality, but
would result in voliage collapse

2,24 Governor/Turblae Modeh
Histonical data of a fault al a 23 kV system on March 15. 2008 was provided 1o verify
that the proposed governor models are representative of the performance of the differenl
turbtnes. The event was recarded on the MECO system on March 15. 2008,

The data (unit power output} is sampled every 4 seconds. The sampling data are less than
optimal for capturing the dynamic performance of governor response in detad. The
steady state and slow dynamics response of the governor models were improved based on
the historical data.

A frequency excursion similar to the EMS recorded signal was imposed to the govemnor
and generator models of the different units in service  The simulated electrical power
was used 1o compare the periormance of the model and the recorded data

Modifications were made Io the database reported m the Task 8 Deliverable, mostly on
droop settings. Most salient changes arc

- Unit K415 less responsive than immally reported {governor with 10% Jroap) Pue
10 4 second sampling dalta if ts not possible 1o differentiate benween accelerating
power and potential uperalion with dead band T 15 evident, hnwever, thal there is
no significant chanpe in sleady stale poswer ourput during eperation ar 1.8 17
above nominal. This unit will be assumed not lo perform any significant
coniribution (o prunary frequency contrel. The same assumption will be made tor
K1, K2and K3
The dioop ol unit M6 was increased from iniially assumed 4% 16 5 5% (5.6 MW
base} The same will be used for M7 and M9

- The droop of unit M11 was increased from iunally assumed 3% 10 4 5% (11 5
MW base) The same will be used for M11.

The droop of unit M13 was increased from imbally asswmed 4%% 10 5.5% (11.5
MW basc} The same wall be used for M12

- The droop of untt X2 was increased from initiallv assumed 4% to 1012 5 MW

base). The same will be used for X1

1.2.5 Steam Turbines on Combined Cycle Plant

Based on historical data sets for AGC validation. the models of the steam turbines in
combined cycle were modificd from previously reported models  System frequency, C1s
and ST power outpul recorded on February |1 2008 were modeled The ST output
smoolhly follows CT operalion At the time the frequency reaches 59 9 Hz, there is no
transient increase of ST power  Similar behavior 15 observed in other combined cycle
(M17. M8 and M19) and 1n other periods of recorded data. 11 can be concluded that
both combined cycles operate with stcam turbine admussion valves fully open The
paramelers for these models are different if the heat recovery steamn gencrator has one o1
two CTs in service

1.2,6 AGC Model improvement
Different windows of historical data were evaluated with MECO and HECO  The list of
data periods is presenied in Table 4. The thiee windows highlighted in yellow were
selected for the purpose of improving the AGC model The main and challenging
abjective of this section is 10 understand the nafwral response of the system witheut
operator action 1n the lime fmme of munutes, where AGC 15 mosi relevant



Table 4: List of windows for AGC model improvement.

Botn T Ganeral Conditions.

Nl

111008 0R0-1030 Worming Remp

H1!mlm!c‘:“hgiﬂml_lzﬂlg“li

s 2100-7300 Hagh Load

Und it a0%n dUrmg KWP orop Good sand poreey Suctustsn
Wodes! ruquency fuchuston 117 seems to be manuply rempang
down tunng rwevsnd perl of T recordng
HCA'S dows rol weem o rvspond with droop, orgmn of powsT
varmhnm o urk noe

208 0600-1100 | Aftmr Moming Ramp

Unes Starird - Cooet seirad poriirr RUCTgion
Conurerable frequency uchaonn Seerm o tnggee vyl mody
nAGC
110 ardd M11 1ewms ko read to AGC ssss! mode request M11
yeams o be Imubing {opeTehons commented the fact thal dus lo
loruonel concerms e uTeth & i)
WAL ndl starts after Bequency omos

2T0E DAID-DIMD | L ow Losdlorrumy Rtump

Unis sarisd e i avent Good wand powsr Suctusonn
Mode T frequeancy Auctbon
KPP 4eurna o be menuady rempeg up dunng relevent par of e

21 10m W0 1430 tagh Loy

Unts viarted i n evert -Good wind powee Suchusion
Modes! frequercy fuctuston
A1) geurts D be Mmarwally remMpng L dunng reevent pet of the
recordimp Had 1o diffarenterts from " Ratual Spktien” s pofas

Cood wirel power Ruotusbon
Slieryd fropapncy Buchrhon
M10, M1 snd K13 ssem b shorty mect i0 AGC. seswt meds

ool
K2 arvd HCAS sowm 13 fwkgeiel & Mttt opsrabon

22500 SARL-OET0 Moming Ramp

LAl ]
12451315 Lots of HCAS

Furgd Drop off, unty staried Window wes provaled sarker for
‘valnininn

Cornl wars] prowst Buchuston
Sipaficant equency Rucimton
CTs are only uniy rewctng o AGC reqparst
K3 el K4 msuslly pack up poser
Severs] unis menually stefed outsade Sy

[ ACTE dops mor Ben 15 BW o sboul 100sex Commparabvly |

vl drop with UFLS AGT seatna 10 enint

asasl BN ETETPRNCY Modes WS repOnEE & redacing povesr
bafor T wvant witnout clesr meaon

The block diagram of the AGC mode! was alrcady prescnted in the carlier report. The
historical data were used to set of confirm the parameters of the AGC medel. The
priority levels of the different units un AGC are presented in Table 5 Parameters of
PSLF models were modified to better represent the behavior of the actual system
Several iterahons were dotie to tune the parameters in  way (hat had acceptable results

with the same mode] for three selecied windows

Table 5; Units under AGC control and priority levels.

Bus Unit 1D D Pronty
106 MGS5-458 4 M4 2
106 | MGES-458 5 M5 3
106 | MGS-458 8 W5 3
107 | MGS47s ] M7 3
107 | MGS-678 7 '] k)
107 | MG5-678 f Mg 3
08 | MGS-1011 | © M10 2
108 | MGS-1011 1 M11 2
109 | MGS-1213 | 2 M12 2
09 | MGS-1213 | 3 M13 Fi
301 | CT-1Mi14 1 M4 1
02 | CT-2Mi6 2 M16 1

304 | CT-ami? 4 W17 1

35 | CT-4 MR s M18 1

303 ST-1 M15 3 M15

306 | ST-2M1B 5 M8

101 KGS-1 1 K1 Basepoint
102 KGS-2 2 K2 Dla sepounit
103 KGS-3 3 K3 B sepoin|
104 KGS-4 4 K4 Basepoint

2.2.6.1 Window 02729/2008

The project team selected the 0272972008 validation window as the first window to
validate. In this window, the units inilially 1n service are:

Wind Farm
K3 and K4 (did not respond to frequency fluctuations)

M14, M16, M15 Mi8 and M19 M16 power outpul 15 {lat as the recording 1s
Irom before the contiols upgrade.

HC&S (did not respond to frequency Muctualions)

The main disturbance to the system 1s the wind power fluctuation that was imposed 1n the
simulation. CTs are performing all regulanon  Frequency excursions do Ingger a few
nornial fu assist mode transitions in the AGC. ARer Ihe shown data, unnis were manually
started This window assisted the project team in setting AGC regulanon gains fin ACE
and ACE integral as well as pulsating logic for CTs

2.1.6,2 Window 02/11/2008

The projeci leam selected the 02/11/2008 validanon window as the second window o
validate in this winduw 1he unils initially in service are

Wind Fann with sigmificant vanahons.
K2. K3 and K4 K2 was manually ramped down
M10. M1t and M13 Unuts are very responsive

RBoth cambined cycles are 10 service M16 1esponds 1o AGC repulation requesis



+ HC&S. Generation did not seem to respond to frequency  The power oufput alsa
had some oscillations that were most hikely relaled 1o sieam peneration/use in the
plant

The main disturbance to the system is the wind power fluctuation that was imposed in the
simulation HC&S was also imposed in the simulations because the flucfuations of the
paWEr output cannot be contralled directly by the MECO aperators  CTs and large
diesels perfonmed repidanon. Frequency excursions trigger a few normal to assist mode
transitions in the AGC

Uglike the prior window, the large diesels were in senvice (M10, M11 and M12). These
upits are set to prionty leve! 2 in the AGC and operate in Assist/Emergency Mode It can
be seen from the recording that once the frequency crror is large enough to canse a
normal-1o-assist transition, these unils react aggressively 1o recover system frequency.
The AGC paramelers associated with Assist mode and the pulsating logic of M10. M11
and M13 were improved, based on this recording  In the reconding, M 10 reacts
somewhat differently than M1 1 and M13  This difference was discussed with the
HECO/MECO team There is no ktiown reason for the differences  The most relevant
charactenstics of the response are simular among units and well represented in the
proposed simulation model.

1.2.6.3 Window O5/D1/2008

The project team sclected the 05/01/2008 validation window as the third window to
validate. In this window the units innially in service mrc:

«  Wind Farm with modest variafions
s K2 K3 and K4 were manually operated

s MI, M2and M3. The sum of the three units was provided in the recorded data.
These units were ramped up manually.

* M5 The power outpul does not fully respond to expected regulations request

* MI0, M11.M12 and M13. Unuts are very responsive.

* X2, Unit was manually mmped up

= M4 was out of service; &l other units in combined cycles were on line

= HC&S Dropped about 20 MW in about 150 seconds
The main disturbance lo the system is HC&S power reduction. The 58 7 Hz UFLS stage
operated In the simualation, HC&S and units manually operated were imposed.
There are a few challenges associated to this window

s  HC&S switched from exporting to importing power during the window. Afler the
HC&S switched from exporting o importing, only 1-min da were available
Most of 1he systermn dvnamics are exercised in less than a 100-second period,
where HC&S power drops from +7 to =7 MW Duning this period, there are
insufficicnl measurements to characienze the HC&S variation  Additional data
points were added 1o the recorded mcasurements, assuming Lhat HC&S decreased

power production at a constant MW/sec rate uniul 11 reached 1ts lowest value  This
assumption 15 closer than assuming linear inlerpolation berween every |-minute
sample

e Many uuts reacted about 5 to 10 seconds before HC&S dropped. causing these
uniis to increase power production () ¢ | they appeared to “anhicipaie™ HC& 5~
dropping vut). In discusstons with MECO/HECQ. 1f was confirmed that small
synchronization jnaccuracies between signals could be cxpected. This result had
a signtficant effect in the frequency excursion observed in this window. These
synchromization inaccuracics were less relevant for slower Irequency excursions
observed in previous windows

s M12 and M13 increased power before the 100 sec in recardings. The frequency
al that time was not significanily off nominal 1o justify this power increase in
these untis

+«  MI1 does not seer to modify power according (o an AGC request 11 can be seen
that the unit reduced power at around 400 sec even though the frequency 1s sull
below nomtnal after the event,

Thus lustorical window did not pecessarily help in improving (he simulation model. but
showcased the model’s ability 1o recreate thus event within the menhioned hiniitaltons

2.2.7 Concluvions of the Dyuamic Modeling
Various aspects of the system behavior were addressed wath PSLE modeling  The load
Now database was successfully converted from the HECO plannimg toel The steady.
state contingency analysis of the system presented condiions with valtage challenges in
the 23 L'V radial svsiem oul of Pukalam These simulation results wene confirmed by
HECO/MECO s similar challenges in the actual sysiem operanon  Transient simulation
models of fast system events { faults and genemtion trips) were also setup  Critical evenls
were simulated as a baschine for future seenario analysis T the extent possible using
available data, povernor model paramelers were improved bhased on historical data ot
03/15/2008 The validation windows of husioncal data were used to tune the AGC model
paramelers. The resulting system model (AGC, governors, generators. network, etc.)
caplures (he refevant dynamics ol the actual system in the recorded data The project
team believes that the fidelity of these dynamic models is of sufTicient quality to be used
in the subsequent phase of thus study
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Background

Hawan musl moke decisions about its energy luture Ideally, energy should be abundont,
reliable. offordable, environmentally friendly, emissions-free and petroleum-independent.
However, these characteristics really represent trade-oifs, for exomple, o highly reliable
systern costs more, and a balonce must be struck between the costs of increasing the
reliobility of energy supply versus the cosis feconomic, sociol, and pudlic health and sofely)
of not hoving energy when 1t is needed Deciding on this balance is critical for the State. Such
a debote depends upon hoving accurate assessments of the etfects of energy technology,
pohicy. and design choices. New technolegies in renewable energy, energy use, energy
conversion, transmission, and storage offer opportunities 1o provide cleon, reliable, and
secure energy for Howgii ot less cost. The purpose of the Hawuaii Energy Roodmapping
Study is to provide Hawaii with the capability of objectively evaluating its energy options
and their true costs and environmental consequences

The Howan Energy Roodmapping Study s an evaluation of the Big Islond's future electrcity
and Lronsporlalion energy opuons with respect to local geals and future world conditions
from a technolagy-neutral perspective. The US Department of Energy {DOE). the Hawan
Natural Energy tnstiiute [HNEI). The General Electric Company [GE), ond the Hawanan Electric
cempany [HECO! and its subsidiary the Howaii Electne Light Comparny [HELCO! hove
collectively prowided ~$1.5M gver a two-year period to fund the first two phases of thrs
study

Transportation and Electricity Modeling

In Phose 1, the study developed an evaluation process thot con effectively assess energy
technologies and serve as guide to the development of energy policies In Phose 2, the
process of evoluating various energy infrosiructure evolution scencrnos will be used to
identify programs thot have the potentiol 1o address Howaii's need for an affordable,
relable, environmentally acceptable. petroleum-minimizing energy sector.

The Electric System model consists of o production cos! ord transren! perfarmance model.
The production cost model is used to help mcke decisions oboul which generators should be
used to produce electricity in each hour of the day. based on the HELCO system constroints
This model provides information obout the variable cost of production. emissions and other
operaling characterstics. The tronsient performance model is used to understond the
irmpact of transient operation of different generolors on system frequency in o seconds
timeframe Both of these models hove been validated against 2006 histonicol condiiwns and
deemed acceptable os o starting point for «infrastructure evolulion scenarios

The Transportotion Model has been developed ond validated ogainst the doto provided in
the 2005 Howon Dotabook. The transporiation fleet, fuel type and vehicle type breakdown
were used in conunciion with fuel demaond forecosts, fuel price projeclions, emissicns dato.
ond land use informatian to evoluote ecanomic, emvironmental, and sustainobility metrics
Piesentauons of the Transportotion and Electrnicity model results are shown in the Appendix.
A flow diogram of eoch model 1s shown in Figure 1
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Figure 1: Hawaii Energy Roadmaopping Models

It 15 envisioned that this validaled, technology-neutral scenono evaluation 1ool con be used
by policy makers - Local, Siote ond Federal - to give insights ond directional estimates of
some of the effects of odopting condidate policies or technology strotegies. The vaolue of this
is 10 inform discussions on the State's energy roadmcp by more accurately determining the
elfects of energy choices on the supporung infrastructure required ond the system
performance metncs. Stakeholders idenufied the relevant metrics during o senes of
interviews in Aprd and May. A presentotion of the resulls of 1he siakehcider interviews 1s
provided in the Appendix.

The complexity of energy planning can be demonstroted, as the metrics Icost, enwronment,
reliability, oil ndependence, public health and sofety, economic development, etc.| are often
mutually competitive [ncreasing one metnc may require decreosing the others o some
exlenl) Whale trodeoffs omong metrics are to a large extent o policy issue, there are also
lechnical ssues For example, incorporation of as-avoilable energy sources beyond a cenain
level can be shown to lead ta unocceptoble levels of system stability and energy avoilability
unless technical mitigaling measures are adopted



Stakeholder Summit
Based on the results of the elecinc and transporiation simulation models and the corcerns,

preferences and suggestions expressed by the stakeholders during our interviews with them,

the project team develaped tools to evaluate proposed energy policies and projects in terms
meoningful to Haowaon  The Stokeholder Summit was on opportunity to present the results of
this imhial phose of the project. to explain how we intend to apply what has been learned.
and 10 solicit further input from the diverse interests Howan's energy sector must serve The
objettives of the workshop were

1. To present the capebilities of 1he energy sector models developed and the
melncs to be used to evoluote energy development options.

2. Toenable local lcountyt, State and Federal policy makerss ta explan how they
envision using this energy policy/project ossessment methodology.

3. To present condidole “scenarics” thot we suggest using the models to evaluate
in order to exercise 1he models’ copofilives and 10 provide insight into which
strategies would besl meet the common objeclives of Howai's cilzens

4. Totry to identify potential techaologres or projects that improve Howaii's energy
sector based on o consensus among o dwverse group of stakeholders.

S. Finally, to obtan additional broad-based inputs on the above four items ond
suggestions on how governments, utilities, businesses. consumer and business
graups and other organizations could advence our common interests.

An ofi-repeoted theme during our interviews with Hawaii stakeholders earher this year was
their desire to find ways for utilities, consumers, businesses ond environmental groups 1o
cooperate, as portners rather than adversaries, to promote clean and affordable sources of
energy in the Stale Trodilional histarical roles, business strategies. and palicy positions were
not seen as the best woys 10 address Hawair's energy issues and. os o resull, were seen as
also being potentially counter-productive 1o each stakeholder's achieving its own individual
goals This project hopes Lo foster constructive dialog and debate on Hawai's energy
choices and. by doing so. 10 expedite acticns, pohcies or projects that con be chosen by
consensus t¢ promaote the general good.

Summit Results

The Depaniment of Business Econornic Development & Tounsm {DBEDT), Howaihan Electrnic
Company IHECO), Howail Electric Light Compony [HELCO), and mony olher stakeholders
ossermbled on September 27, 2007 at the Marnott Waikoloa. on the Big Island of Howan. {A
complete list of attendees is provided in the Appendix) The key stokeholders were given the
opportunity to make introductory siotements. In the morming session, the trensportotion
ond electricity model resufts were presented, os well os the results of lhe stokeholder
meelings ond the scenarios chosen for Lhis second phase of the project. These
presentotions are provided in the Appendix In the atternoon session, stakeholders ware
asked 1o offer iherr Inpuls. odwice and suggest:ons 1o the project team  Stakeholders offered
comments on the overall project strategy and dwection for fulure scenario evaluation. The
following paragraphs represent a general summary of the Summut

HECO/HELCQ were generally pleased with the level of deiait of the model results ond hope
the model can be used to inform pohcymaokers of tradeoffs in the electricity sector. The
occuracy of the results of the model validation etiort exceeded HECO's expectotion, and
HECO is looking forword 1o continued cooperation with the project team. HELCO would ke
Lo continue coeperating with the project teom, especiclly singe using the validated models
could predict the efficacy of some of the sysiem design, rescucce investment, and operating
megsure chonges HELCO is considenng in its on-going efforts to improve the electnc system
on the Bug Island. There was general agreement that the high resaluticn of this tool
waorrants atiention from the federal policymakers

The State expressed o deswe 1o continue 1he GE/HNEIYHECO/HELCO partnershep and 10
further develop and apply the tools to help State policymakers identify and quantify
tradeoffs There was general ogreement among the stokeholders present thot the electric
power model ¢an provide answers to some of the questions the Stale 1s groppling with
concerning various energy technologies. tanfl and power purchase regulations, sysiem
pesformance metrics, and other palicies. The State recagnizes there are legilimote
odditionol costs associated with connecting large ameunts of wind generation {o the grid
{spinning reserve and/or the potentio! for using other 1echnologies to mitigote intermittency).
This model should be used to quontily and communicate that impoct 1o policymaokers,
understanding the current prograsn s not funded to exhaustvely do this. The Siote s
urgently trying to develop solutions ta achieve lower energy prices in a world dominated by
nsing oil prices.

In Phase 2, for each scenario, the analysis will provide quontitotive observations about the
impacts of specific technology deployments on emissions, voriable costs, eic While the
madels will not be used for detalled system design and engineenng le.g.. each contingency
ond foult scenario cannot be considered], and the study is nol designed to maximze or
minimize a specific goal, the models will be used to prowde directionally correct infermation
about the impact of technology choices on the economic/environmentol metrics  The study
cannot be exhaustive and is not intended to reploce the HELCO IRP process. The project
1eam must coniinue to be clear about communicating the copabihities ond limitations of the



madel. {For exomple, the production cost model 15 copluring the variable cost of electncity
preduction resulting from different technology deployments. 1t does not consider the capital
costs, lifetime of equipment. rotes of return, eic., olthough those can be separately estmoled
and incorporated in the assessment )

The following st represents some of the stokeholder opinions/comments from the Summut:

* The model should be used to identify solutions rather thon analyze problems.

= The terms of existing power purchase agreements [PPA) have locked the Island into high
prices for wind power. Going forward. the terms of new PPAs must change if the island is
1o achieve a cost-effective renewable energy supply It 1s possible that competitive
bidding wall reduce the prices paid to renewable IPPs in the fulure.

= Polential wind intermitlency rmitigation measures, in addition to electric energy storage,
include better spilloge of wind at the windform by the wind developer, or the use of hydro
lo provide the quick response needed when wind power suddenly declines Forecasting
and irnproved generator controls may be more cost effective than a strategy
incorporating only energy storage.

+ If o biofuels industry emerges there can be compeatiion far the commodity between the
transportotion and electricity sectors on the 8ig Island

s Theincreased energy secunty {Le.. high use of renewoble energy from a very diversified
technology base) should incorporote significont amounts of conservation, oceen thermal
energy conversion, seawater cooling. ond wave power Such an approoch solisfies the
energy objectives of theiskand Technology immatunity ond initiol high cost ore two
reasons high penetrations of ocean-based renewatble energy technologies may not be
reahzed by 2018.

The following bullet list represents some of the stakeholder's suggestions provided ol the
Summit. The responses are summorized in Jolics:

= The project teom will need Lo identify whether the suggested lechnology deployments in
2018 for ench scenario are achievoble. This is o necessary step to ensure the scencrios
are grounded in reality.

= Arequest wos mode to include distributed generotion in the "enhanced energy
monagement” scenario. Distnbuted technologies will represent an important part of this
scenano

e Arequest wos made to identify and quantify the cost sovings of retiring old equipment.
Because this type of onalysis must be exhaustive ond will require significont input from the
ulility, the current program is not able to prowide this analysis as port of Phase 2.
However, thes analysis could form the basis of program activities in future portions of the
progrom

* Arequesl was mode to examine the impact of revising existing/future PPAs. Due lo the
parametric noture of the model, sensitivitres (such as changes in the PPAs] can be
considered for g stenario.

+ Il wos noted that the mode! did not consider the impacts of supply mtecruplion on
business Since the model is techrical i noture. the model olone connot copture these

impocls, nor can it copture subjective factors, such os aesthetics and cultural impocts of
certain technologies

HELCO sees great benefit in understanding how enuch spinning reserve will be needed
for odditional increments of wind power. Though this study 5 nolt exhaustive, the project
tearm hopes to provide “directionally correct™ insighl inte the effects of spinning reserve on
odditional increments of wind power.

HECO showed an interest in onalyzing how demand side management and critical peok
pricing con be o surrogate for spinning reserve Demand sude monogement will be on
imporlont compeonent of the energy monogement scenarto

The Stale showed an interest in understanding the impact of moderating demond ond
shifung demaond from doytime ta nighttime in the energy management scenaro This
type of onglysis can be considered in the energy management scenano.

Natural gas con be used os a storage option 1o increase the islond's energy securily The
storoge of energy commadities, such as natural gas, has not been considered. Additiong!
information obout the smpoct of storage on the price of this ond ather commodities would
be required for this analysis.

The stokeholders inguired obout the feesibiity of adding more wind power to the 1sland.
While this study connot exhoustively analyze the mpact of additiona! wind power
capacily. it can quantify the impact of increasing wind power both with and wathout
miligoting measures.



Conclusions

The input and lime conltributed by the various stokeholders was opprecicted ond adds value
10 this study. It should be noted that much of the model development wos a result of close
interoc tiar and time spent with HECQ/HELCO staff and management

The model results were presented and occepted by the stakeholders in attendance  8osed
on the consaldation of stakehclder input, scenanos were outlined and presented ot the
Summit. With general stokeholder acceptance of the scenario themes outhined ot the
Summt, the project team has commenced more detailed scenario development based on
the information and suggestions prowided by the stakeholders.

The stakehalders widely occept the objectives of this study and welcome the development of
an in-siate capobility 1o evaluate policies and 1o better understand the systems-level impact
of vanaus technology decisions  The Strotegic Energy Roodmap study intends to create g
technically rigorous framework to support this capability.

Appendices
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Appendix B - Scenarios & Stakehofder Interview Summary
{Terry Surles, Larry Markel, Devon Manz)

Hawaii Energy Roadmap
Stakeholder Input & Scenario Formulation

Terry Surles  Hawaii Natural Energy Institute
Larry Markel Sentech, Inc.
DevonManz GE Global Research

Stakeholder Summit
Objectives of today's meeting

1. To update the assembled siakeholders:

0. Capabilities of the models developed and the metrics
used to evaluate options.

b. To present candidate scenarios - developed from
Stakeholder interviews

c. Discuss how scenario strategies meet common
program and stakeholder objectives

2. To enoble public and private policy mekers 1o explain how
they envision using this assessment methadology

3. To obtain additionot input, advice, and suggestions from
Stakeholders on future paths for energy activities




End Result of Today's Meeting: Obtain input,
advice, and suggestions on energy activities

1. Comments on overail project strategy ond direction
Are we an the right track. based an our earher discussions
with you?

2. Comments and direction on future scenorio evaluation
What are your thoughts on the most/least appropriate
scenarios?

3. Comments and advice on additional areas to be considered

Are we missing onything that you feel 1s important for the
future?

Public-Private Partnerships Are Critical For
Addressing Overarching Issues Facing the Nation's
Energy Systems

Energy System of the Future

Grid Modernuotion Global Chrmata Chonge Energy Security - Environment Quality
Tronsportation/Electriciny

None Of These Issues Can Be Resolved Without Partnerships -
The Right Kind of Partnership Fosters Innovation for Hawaii

Electricity Generation by Source 2003 -
Why we need to reduce petroleum dependency

United States Hawaii
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Congestion

~60% of Island Load

High Cost/Security of

Energy - 9%
Dependence on oil

~75% of Island
.= Generation

-$0.30/kKWh,
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Phase 1
“adeling, Vailidaung, Calibrating - Comgleted

Electncity and transportation sector madels describe current
Big tsland energy system

Models have been calibrated and velidated ogainst historical
deta to the high degree of accuracy required to meet
project objectives

Result:

Analyticol tools and baseline for technical and economic
assessment of infrastructure futures

Con be used to establish effective parameters for future
growth of the Big Island

Tools not intended for day-to-day decision making

Development of Better Planning Tools
is a Goal Shared by All

Meet DOE mission needs
» Lessons and analylical tools for Mainland grids
= Incorporation of new technologies into grid

Address utility system planning needs

= Understand the implication of more renewable energy

» Mechamism for evaluating new technologies to address system
Impocts

Address state mitiatives for custorner benefits, public goods

» understand implications of RPS and other iniatives for
reducing petroleum use

= Biglsland gs a potentiai showcose for renewable energy and
the installation of Innovative technelogies




Phase 2
Erergy Roadmagping - Just siarting

Evaluate techrucal ond economic impact of alternative energy
infrastructure scenarias for the Big Islond, starting from the
bose case

Scenarios developed based on stakeholder interviews

Continue collaboration with HECO/HELCO, state, and county
to ensure model evolution is grounded in operational
reality

Wark with various stokeholders [1.e.. government, end-users,
IPPs, environmental and econemic NGOs| Lo ensure
concerns ond opportunities are addressed

A Conceptual View of the Big Island
Project

We started with an expansive view of the future

We were
need to get

constrained by the
the models right

Now, we can think expansively again

What does this study offer?

» A caiibrated ond validated technical, economic and
environmentol analysis of both the electricty and
transportation infrastructures on the Big Islend.

« A methodology and tool {or State policymakers and utility
leaders to analyze the impacis and tradeoffs of
technologies and policies.

* Anin-state capability to perform further energy analyses.

The ability to quantify the environmental, economic and
technicol tradeoffs of energy technologies and policies
in the State.

Stakeholder Engagement




Appendix D - Results of the Electricity Model [Nick Miller}

Hawai Strategic Energy Roadmap
Electric Power System

General Electric Campany
Nicx Miller

Gere Hinkle

Sebasiian Achilles

Juan de Bedout

Devon Mang

Project Approach - 50,000t view
In Phase 1...

+ The projecl team developed and validated ¢ model of the
HELCO system.

* The model was used to determine how incremental
changes (in wind, solar, geothermal, etc) impact the cost of
electricity, emissions, imported petroleum, etc.

In Phase 2...

* Four scenanos, comprised of various technology
deployments, will be evaluated by the project team.

» The stakeholders have and will provide substantial
input into the scenario formulotion process.

* The model will be used to evaluate the key metrics lie.,
cost of elecincity, % renewable, % imported} for each
scenaric




What does this study offer?

* Acalibreted and validated technical, economic and
environmental analysis of the electricily infrostructure on
the Big isiand.

» A methodology and tool for State policymakers to help
analyze the impacts cnd tradeoffs of technologies and
policies

* Ann-state capability to perform further energy analyses.

The ability to quantify the environmental, economic and
technical tradeoffs of energy technologies and policies
in the State.

What are the limitations of this study?

» The production cost modeling toal considers only the
vanable cost (fuel. O&M and start-up of each unit). In arder
to fully analyze the tradeoffs, additional information is
needed, such as the capial cost of a technology
deployment.

» The electricity model 1s not an exhaustive study, noris it a
substitute for utility planning (HELCO IRP),

* The modelis g quantitative tool and does not output
qualitotlive 1ssues, such as siting, aesthetics, cultural values,
etc

-

Electrical System Modeling

The model 1s comgrised of two spec:hc simulation packeges

1. Dynamic Simulation IGE PSLF™M)
« Tronsient Slabihty Simutotien
= Long-Term Dynamic S:imulouon

+ Secong-Jy secend lead winz anaolly areng
il dynumec sanulation of the HELCC o tar
sevarol Inowsend seconds i - 2 buurl

2. Production Simulation {GE MAPS™)
Hour-by-hour simulgtion of ynd gperatrons

Constructing Phase 2 Scenarios

Impact of adding: Thess incremental chonaes to the
baseline model wik be used 1o
identdy the wngact of vonous
iechnclogies on ochieving specific
gaals b e, How does the addivon of
1MW of gecthermol energy chonge
vost of alec ricily?l

X MW of wind/sclar/geothermai, or
X MW of spinring reserve cr

* MW ol storage, or

AMWol load..

ON

Economy: Cosl of electncity 1S/
Environment, CO,, SO_, KO, [tonsi
Energy Security: % imporled petrcleum

Sustainability: % ren=wable

WILL BE USED TO CONSTUCT
FOUR SCENARIOS




Production Cost Modeling

GE MAPST™

What is production cost modeling?

= Throughaut the year HELCO has 10 moke decisions cbout which
generators should be used lo produce electricity in each hour of the
doy.

« This decision depends on many constraints, including the cost of
euch generator, the capabihties of the transmission system, and
rules about when each generator can be operated.

* GE MAPS™ the production cost 1ool used in this study, was used to
simulate the HELCO production for 2006

* Production cost modeling ullows HELCO 1o determine the cost of
elecincity production, @missions, elc ne

Model output aligns with production

0 - 2006 HELCO Hetorcal Praducton

Feb 15, 2006

April 2, 2006

The model validates annual production
Anrual Bradaction (GWhH by Fuel Typel

Historical

17.1%
. 293%

OHEP
o |OHydro
Owind
OGe0

BOIl GWh {2006) - .-
0 Dresel ~Historical | . MAPS
=ls) il 364 376
OHeP Diesel ] 3
Qtydn [ 166 167
Owind HEP 414 ui2
BGeo Hydro 54 54
Wind . 25 25
Geo- . 212 212
MAPS [Total 1241 1250
sal
O Dvesal
[ala) Less thun 1% difterence between

actual annucl GWwh (by tvpel in 2006
and Lhe resulls of the MAPS model.




Dynamic Simulation

GE PSLF™

What is dynamic modeling?

» Dynamic lor transient stobility modeling is used 1o simulate the system
behavior Isuch as frequencyl during tronsient operaiion

» Dynomc modeling can be used 10 understond the impact of transtant
operction of different generators on syslem frequency in a seconds
tmeframe

= Dynamic modeling 1s needed io ensure thot systern frequency remains
relatsvely stable during critical eperating practices

+eq. A gust of wind during the night couses o large windfarm to
quickiy produce addinenal electncity. If another generator 15
unable to reduce its electricity production os quickly as the
windform gucked up, the system frequency will deviate from 60Hz

* GE PSLF™ was usad to simuiat2 HELCO operation

Model results align with historical data
. . Example: Significant Wind Fluctuation 104/03/07) -

&t e e e | —— psar
s % &1f == timtoncl bata
requency - s i -
’ [HZ) '59 N - .......E........
LT 1] Tee .
. A L] [T l o : 4
Apollo sl b
- Windfarm- -
- (MW) R g

What are the types of analyses we

can perform with this tool?




What if 1MW of wind power 15 odded to Apollo wind farm?

fuelUse £mispons lians]
Gw/n MMBI HO»  50. co,
(Combirad Cycie 21 15505 o -2 -1352
(Combastion Turbine -13 -13905 1 2 -13us
Diewel oo ol o 1] 29
Putea Geothermal oo ) Q [} o
|Small Hydre o o 0 [} o
[Stearm Ol 26 7582 1 -1 =16
fWind 4] o Q L} Q
[ Sodor og 1] Q 0 1]
|Gl'll\‘.| Totol 01 373 H £ -1352

= With no other changes to the system, an increase in wind

power offsets fossil fuel generation and reduces emissions
+ But, HELCO must maintain their system frequency ot 60Hz.
» Sudden chonges in wind power output will aflect the

frequency, therefore increasing wind power requires some
additional considerations,

Is there more to this story?

c Wind power reduces the island's carhon footprint,
ost ond reduces the amount of imported petroleum,
Adders but...

T 1) More spinning reserve will be needed - Mare oil

must be burned so some generation is ready to
quickly meet changes in the system foad or wind
farm output. and/or

T 2] New technologies con be used to mitigate the
mtermittency of wind power

3) Price poid to wind producers maotiers. If HELCO
pays o wind producer more than it costs them to
produce electnicity from fossil fuel generation. more
wind power will cosl the island more.

-~

Example: What if HELCO had More Wind?

Significant Wind Fluctuation on May 237+ 2007

Hz 5e%
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e +3 MW WiInd
- — +b MW wind

oo 1850 17m 1754 100 1850 1900 1950 2000
Time [seconds|

Example: Does Energy Storage Help?
Significant Wind Fluctuation on May 23 2007
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Conclusions

GE hos developed an electricity model that has vahidated an
entire year of productien based on histonical data from 2006,

The madel is capable of quantifying the environmental,
economic and technical tradeofts of incremental changes 1n
power generation and other technologies, however this study
is not exhaustive and is not a substitute for IRP,

The discussion of sncremental changes of varipus technelegy
deployments from the baseline provides direction for
scenano develppment

We will be opening the flcor to the stakeholders. for
discussion, this ofternoon.

Appendix E - Summit Participants List
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Sandia National Laboratories uses Real-Time Simulation to Shed
Light on the use of Photovoltaic Distributed Generation in Hawaii

Onginally pubhishea
in lhe December 2008 "

1saue of Planet-RT ——

The Hewaiign power gnd s transforming trom dieasl (o ranewable.
Discover how sirmulation and aludy 18 halping and making anginears undsaratand how this power gnd wll iook in 2030

Sandia National Laboratonas uses Real-Time Simulation to Shed Light on the usa of Photovoltaic Distribuled Generation in
Hawaii

Hewan 1s haavily dependent on foseil fuel for meeting its energy needs. indeed.

Sand'a more than 80% of the US stata's power is curently generalad by impariad forsgn
N H I oil. This has left Hawailans paying the highest snergy costan the nauon, and
atlﬂna leaves tham vulnembia to forsgn poliucal instability and disruptions in suppty that

Laboratorigs couk crippie the sconomy of the Pacific isiand chain.

While US mainland energy costs typically hover at epproximately 4% of a state's
pross domestic product (GIXP), Hawan's costa ars almost tnple, approaching 11%. Wth the racent spike n ol prices.
particularly in mid-2008 when oil prices appreached US$150 per barrel, the impact on the Hawanan sconomy has bean
dramatic, highlighted by 8 38% increase in Hawaiian household fuel and ulility costs during the 2nd quarter of 2008.

3 To address this issue, 1he State of Hawan has enlered inlo a parinership with the LS Dapariment of Energy Lo eslablish the
Hawali Clean Enargy Initiatlve (HCEI)}, with the goal of having 30% of Hawaii's anergy needs mai by renswable sources by
2030.

The HCEI has been taunched with a locus on three projects incduding “Lansl 100% Renewables™ As the name suggesis,
the objeclive of this projact is 1o assist the island of Lanai in maeung its eventual goal of obtaining 100 percent of its enargy
from renewable sources The shorter term goal for Lanan is to achieve 30% of power generated from renewable sources by
2030.

Currently, Lanai is served by the Maui Electric Company, while Caste & Cocke, inc . one of the US's oldes! real-estate
davelopers, ovms the majonty of Lanai. The pnmary loads in Lana: come from two Castie and Cock Resorts, in addition to
residential needs The total peak load profife is 12,470V, 55 MW Currently, there am several diesel genarators that meet
these loading requirements As part of the HCEI, 1 2MVW of Photovoltaic (Pv) generalion has alraady been insialled in Lanai,
bnnging the HECI team very close o the 30% goal in 8 véry short bme.

PhotoVoltaic ceils recently deployed in Lanal
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PhotoVoltaic cells recently deployed in Lanal

To conduct a study evaluating the impact of integrating PV with conventional carbon-based diesel generation, the HCEI enlisted the aid
of Sandia National Laboratories.

Sandia National Laboratories is a US govemment-owned/contractor operated facilty that focuses on the development and application
of technalogies that ensure the homeland security of the United States. Tradttionally, Sandla’s focus has been primarily placed on
ensuring the safety, security and rehablity of America’s nuclear weapon stockpile. However, in recent years, Sandia’s focus has
increasingly tumed to the development of sustainable, clean and efficent sources of energy.

Sandia engineers have faced two tasks in Lanai:

1. Ensuring that the migration to renewable energy also provided for the contingency to add additional generation capacity that
could then be transmitted to other slands as part of a larger state-wide power grid.

2. Demonstrating that when the PV power plant is In operation, the implementation of effective controls reduces the need for
capital-intensive energy storage systems for frequency and voltage stabiity.

For intermittent PV distributed generation, Sandia engineers investigatéd overall stabllity and transient responses. A simple Lanai "like”
model was developed In the MATLAB/Simulink enviconment, illustrated in Flgure 1, and an eMEGASIm Real-Time Simulator from
Opal-RT Technologies was used to conduct real-time simulation of the hybrid power grid system.
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Figure 1. Lanal “like* Matlab/Simulink Power Grid Modef

The diesel generators were modelled using SimPowerSystems toclbox swing equations and a custom Simulnk meodule was developed
for high-level PV generation. All of the loads were characterized primanly as distribution lines with seres resistive load banks with one
VAR load bank. Three-phase faults were implemented for each bus.

“The one thing we run into when adding PV to these small systems is degradation of frequency and volttage”, said Benjamin
Schenkman, a member of Sandia National Laboratories’ technical team. “We've modellad everything In MATLAB/Simulink with the
SimPowerSystems software, and so far shown found it to be stable. So, what we're trying to do is see if we need to add additional
controls or add more energy storage.”

The use of simulation and Hardware-in-the-Loop testing played a critical role at this stage of the study. The non-linear power flow
control models needed to be simulated to ensure that they would perform adequately now, as well as pave the way for integration of
future Distributed Generation devices, such as a proposed wind farm.

“What if we add wind or more concentrated solar, how will the system react? With this preject, when running tests in

SimPowerSystems in offine mode, you can run maybe one test per hour. To run mukiple tests takes days and days and days,” added
Mr. Schenkman.

This is where the Opal-RT eMEGAsim simulator comes in. By using eMEGAsim, which is driven by RT-LAB, Opal-RT's Real-Time
Simulation platform, and ARTEMIS, an Opal-RT schver specrfically designed to enable the execution of SimPowerSystems models in
real-time, the simuiation bottleneck was easily overcome.

According to Mr. Schenkman, “With the Opal-RT equipment, we can actually run the simulations 100 times faster, and run tests in
minutes that would normally take hours. And, the results have been dead on.”

But, as is often the case with larger scale engineering projects like Lanai, nothing beats testing using physical hardware. As a
consequence, Sandia conducted extensive testing at the organization's Distributed Energy Technical Laboratory to determine
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whether the positive results received with the Simulink/SimPowerSystems models remained accurate.

"Customers like to see tests done with hardware, using real generators, using real PV,” said Mr. Schenkman. "Sa we take the Lana
grid, scale it down, take real generators, real PV. We also take the utlity’s model, put i into Simulnk and go to our lab. We test it out
in real-time using Opal-RT equipment. And then go to Lanai and say to the customer, 'this will work’.”

Preliminary results for generator transient responses and PV output have been postive. Both conventional and advanced control
architectures are being used to evaluate the integration of the PV onto the current power grid system.

While ahead of schedule, the work in Lanai continues. Sandia engineers still face the challenge of implementing additional non-inear
power flower controls into grid models and validating these modek using eMEGAsim with physical Hardware-in-the-Loop at the
Distnbuted Energy Technical Laboratory.

For both the Sandia engineers and their customer utility, the Lanai project has been a lkeaming experience.

“The Idea of this type of study is very new for utiities,” concluded Mr. Schenkman. “Using real hardware in simulations has not been
their tradtional approach. Utiltties often just ok at whether systems are balanced or unbalanced using software that Is not very
dynamic.”

“But by using tools like SImPowerSystems and eMEGAsim, we can remove the guesswork and can see exactly what is going to
happen in the future.”
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